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ABSTRACT 
The aim of this research, sponsored by the Science Research 
Council, was to develop a high-speed patterning system intended primarily 
for application to the locked-loop pile-fabric process invented and devel-
oped in the Department of Nechanical Engineering at Loughborough University 
of Technology. Current co~~ercial versions of the locked-loop pile-fabric 
producing machines, manufactured under U.R.D.C. licence and marketed under 
·the trade name "Locstitch", have their market potential concentrated on 
the field of good quality pile-fabric production but limited to plain 
unpatterned types. 
A survey of existing multi-end ~atterning systems, as used on 
other fabric manufacturing processes, revealed that versatility of patte~ 
ning is not as yet compatible with high operational speeds. In order to 
produce patterned locked-loop fabrics economically, this incompatibility 
must be removed, thereby postulating a research criteria based on the 
following inter-dependent topics for achieving a complete high-speed 
patterning system:-
(i) the development of the mechanical patterning 
devices required in the actual stitching-sone 
of the process; 
(ii) the development of a pattern storage and 
retrieval system, and 
(iii) the development of a yarn-feed system. 
These three topics each formed researches in their own right, and 
also provided useful information applicable to other textile processes; 
these subsidiary aspects are discussed in conjunction with an overall 
appraisal of the systems developed. 
A sophis~icated electra-mechanical research rig was constructed in 
. 
order to demonstrate that locked-loop sculpture patterned pile-fabrics could 
be successfully produced at high speeds. The practical outcome of the 
research may be assessed by the three patents that have arisen from the work 
and these are currently being offered to industry under licencing agreements 
with the National Research and Development Corporation.' 
The thesis concludes with an assessment of the commercial viability 
of the patterning system in relation to the current state of textile 
machinery technology. 
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CHAPTER 1 
INTRODUCTION 
}funy types of pile fabrics are currently produced in the 
textile industry. Nost of these can be patterned by various well 
established means, but the fabric and process to 'of hi ch this research 
was devoted is some\ofhat unconventional in its structure and method 
of construction. Professor G.R. i'Tray and r1r. G.F. Ward, members of 
the Department of Nechanical Engineering at Loughborough University 
of Technology, invented a sewing-knitting iechnique in 1961 that pro-
duced a double-faced pile fabric by using a type of stitch in which 
each pile loop 'of as anchored or locked into a preconstructed base 
fabric. Henceforth this will be referred to as the 'locked-loop 
stitch'. Sponsored by the Science Research Council~ the basic stitch 
was produced on a small pmofered research rig, capable of stitching at 
very high speeds, which was designed by R. Vitols: Patents for the 
stitch and apparatus2were formulated and assigned to the National 
Research and Development Council so that the invention could be 
commercially exploited. Edgar Pickering (Blackburn) Ltd. formed a 
subsidiary company knmm as Pickering Locstitch Ltd., who entered 
into licencing agreements with N.R.D.C. to produce commercial 
machines utilising the ¥ray/Ward invention. The new process was 
given the trade name of 'LOCSTITCH'. The prototype commercial 
Locsti tch machine ,-ras designed within the Department of Hechanical 
Engineering at Loughborough University of Technology and was ex-
hibited at the 6th International Exhibition of Textile Hachinery, 
Paris 1911, and since then the company has manufactured machines 
principally for export sales. The \-lork was a classic example of 
university research leading to commercial application which should 
benefit both the textile industry and the consumer. 
It may be observed from the above developments that the 
work contained within this report will, to some extent, be a con-
tinuation from previous researches. To avoid duplication of 
previously published material it would be useful if the reader had 
knmofledge of references 1,2,3,4 and 5. Reference must also be made 
to certain features of the commercial machine produced by Pickering 
Locstitch Ltd. but, as detailed changes in design may be made by the 
company at any time, all references to the commercial machine apply 
to present knowledge only. 
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1".1. Description of the Locked-Loop stitch 
The method of producing the locke~-loop stitch has been 
described in several publicationsl ,2,3,4,S, but it might help the 
reader if the cycle of operations were to be restated briefly here. 
Fig. 1.0. shows six sections through the stitching zone representing 
relative needle positions as the locked-loop stitch is formed. Also 
shown (Fig. 1.0.G.) is a pictorial view of the fabric produced. The 
notation and terminology used to describe the various components 
will be consistent throughout this thesis. 
Fig. 1.0. (A): Needle NI pierces the base fabric and forms 
a loop of yarn around looper LI. Needle N2 withdraws from the 
opposite side of the base fabric leaving a prone loop (shown black) 
around the base of its pile loop (shown white). 
Fig. 1.0. (B): Needle NI reaches full penetration through 
the base fabric while needle N2 continues to retract. At this 
position the looper 12 traverses (shogs) by one seam p~tch dis-
placement across the point of needle N2 and parallel to the base 
fabric in the weft-wise direction. 
Fig. 1.0. (C): Needle NI begins to retract from the base 
fabric causing a slight puckering of the yarn in the needle eye 
region. Needle N2 approaches the base fabric and picks up the 
puckered yarn from NI. 
Fig. 1.0. (D): Needle NI continues to retract leaving a 
'cast-off' loop around N2 and also leaving a prone loop (shown 
white) around the base of its pile loop (shown black) to ~ock' 
the stitch. Needle N2 pierces the base fabric while forming a new 
pile loop around looper L2. 
Fig. 1.0. (E): Needle NI continues to retract clear of 
looper.LI which starts to shog by one seam pitch displacement across 
the point of the needle. Needle N2 further penetrates the base 
fabric pulling the pile loop tight against looper L2. 
Fig. 1.0. (F): Needle NI approaches the base fabric to 
pick up the slightly puckered yarn on needle N2 which is retracting. 
The cycle is completed in Fig. 1.0. (A): and the series 
of operations is continuously repeated to form the pile-fabric. 
It will be noted that there is always a needle inserted 
into the base fabric at anyone time; therefore, for a fabric to 
be produced the needles must move with the base fabric in direction 
F whilst they a.re in~ert.er1 and their points ""ill each then describe 
13 
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a planar orbital motion. Consequently, interacting parallel rm-lS 
of sewing needles on each side of the fabric undergo these planar 
orbital motions as they cast off loops from one row to the corres-
ponding row on the other side of the fabric, and each pile yarn 
serves to securely lock the other. 
The brochure, issued by Pickering Locstitch Ltd.," for 
the commercial mach{ne, lists the following advantages for the 
'Locstitch Fabric' and 'Locstitch Process':-
(a) Pile loops in the upper yarn are securely locked into the 
base fabric by means of prone loops in the lower face yarn. 
(b) Similarly, pile loops in the lower face yarn are securely 
locked by means of prone loops in the upper face yarn. 
(c) The pile loops are of similar character on each side of 
the base fabric. 
(d) If either pile loop is pulled the structure becomes 
tighter. 
(e) If either loop is broken the structure will not unravel. 
(f) The fabric can be cut ,d thout fraying occurring. 
(g) Completely different yarn types can be used on either 
side of the base fabric to give novel reversibility 
effects. 
(h) Different pile heights can be produced" on either side 
of the base fabric. 
(i) The pile weight per unit area can be varied by altering 
either the pile height or the stitching pitch, without 
any variation in the total amount of prone loop yarn 
required. 
(j) The prone loops reinforce the base fabric so that 
inexpensive base fabrics can be used. 
(k) The locked stitch is ideal for raising and/or cropping 
on one or b0th sides of the fabric. 
(1) If a locked single-face pile fabric is required, one 
set of pile loops can be arranged to lie flat to the 
fabric surface. 
(m) Extremely high production rates, more that tHenty times 
that of conventional pile fabric weaving,are realised 
due to the simplicity of the stitching elements used. 
(n) Two interacting rows of sewing needles form the 
'Locstitch', eliminating troublesome latch needles, 
compound needles and control plates. 
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(0) The se\'Ting needles undergo identical continuous orbital 
motions as they cast off loops from one to the other. 
(p) Consistency of pile height is maintained by rmo[s of 
loopers against which the stitch is set. 
(q) The loopers c~~ be precisely set, and independently varied 
on both sides of the base fabric by a simple control 
adjustment. 
'r) A simple sideways reciprocating motion of the'loopers elim-
inates unreliable 'hooking' actions. 
(s) The continuous double loop formation, together with the 
positive looper system, provides a tight stitch, yet 
precludes the possibility of uncontrolled 'backrobbing'. 
(t) Jerky and intermittent motions are avoided by providing a 
smooth and continuous feed to the base fabric. 
(u) The stitches per unit length can be varied within a wide 
range by a single setting adjustment. 
(v) The fabric leaves the stitching zone vertically upwards to 
give an eye-level view on both sides. 
(w) The simplicity of the process removes the need for specialised 
and skilled operative labour. 
(x) The balancing features of the machine result in particularly 
low noise levels being achieved. 
1.2. The Object of this Research Project 
The basic production process as described in section l.l~, 
has certain versatile features which arise from the pile face on one 
side of the fabric being formed' independently of the pile face on 
the other~side. Therefore the pile each side of the fabric may be of 
different heights and/or colours. Zero pile heigbt can be produced by 
removing the loopers on either side of the fabric. Coloured striped 
patterns can be produced by pre-threading the needles with the appro-
priate coloured yarns. The one factor that the above novelty features 
have in common is that they must all be pre-set. Neither the pile 
heights nor the coloured yarns can be varied automatically in-process. 
This means that the basic process does not cater for varying patterned 
fabrics, or for borders and headings around the finished product. In 
order that the locked-loop pile fabric should effectively compete with 
many of the conventional pile fabrics on the market, it is necessary 
16 
that a greater degree of patterning should be incorporated. The 
Science Research Council have sponsored fur~her research work7 on the 
basic locked-loop process, part of the schedule of which is concerned 
with patterning. Only when patterned fabrics are produced will the 
full potential of the locked-loop process be realised. 
1.3. Terms of Reference 
This project involves a study of the fundamental concepts 
of patterning in relation to the needle and looper configuration 
existant in the current basic method of producing the locked-loop 
fabric. Particular emphasis is given to a study in depth of the 
engineering aspects of performing such patterni~g at or near the 
extremely high speeds attained with the tL~patterned fabric production 
of the commercial machine. The ultiw~te aim is to provide a patterning 
system that will be commercially acceptable to the textile industry 
and economically viable to machine manufacturers and fabric producers 
alike. 
17 
CHAPTER2 
THE TEXTILE REQ,UIRENENTS-
The manufacture of pile fatlrics is a very ccmpeti tive industry 
throughout the vTorld. Textile machine designers are unceasing in their 
endeavours to increase the maTIcet potential for their products either by 
increasing output rates or by providing better patterning facilities. In 
order that the patterning system to be devised for the locked-loop process 
should be at least at par with modern developments it was deemed necessary to 
make a survey of systems used on competitive products. 
There are t"lO basic principles for providing the visual effect of a 
patterned fabric. The first is colour patterning and the second is a struc-
tural change in fabric construction. In the case of pile fabrics the latter 
effect is visually produced by varying the pile heights in warpwise and/or 
\veftHise directions as fabric is produced. This may be defined as sculpturing 
or sculpture patterning. 
2.1. Survey of Relevant Patternin~ Systems 
Reference to the iHorld Textile Abstracts', prepared by the U.K. 
Textile Research Associations and published by the Shirley Institute, 
revealed that, on a "lOrld basis, about eight patents or articles per month 
are published on patterning and pile fabrics. O,·ring to this large volume of 
li terature it \-TaS decided to be selective \d th the survey and consider only 
the very latest reported developments over the past 3 years (i.e. from Jan. 
1972 to date). 
2.1.1. Surveys Conducted To Date 
Host text books on specialised aspects of knitting, weaving and 
other fabric forming processes include sections relating to patterning devices 
\vi thin the scope of their a,m particular fields as the principles of patterning 
conventional pile and non-pile fabrics have been \'1el1 established for Tnany 
years. HO'I-rever, two recently published surveys are directly conce:r.ned ,vith 
the latest patterning developments. 
(a) Dr. 1'1.S. Burnip17 describes the control of machine elements in 
modern knitting machinery, to£:~'ether 'vi th metllods of pattern information storage 
and retrieval. His paper includes a table of companies producing knitting 
machines 'vith electronic patterning control and a second table of pattern 
preparation systems for jacquard knitting machines. 
(b) .J. Robinson13 , in his final year project report (see also sub-
~ecticr. 3.4.2.), included a survey of patterning control systems similar to 
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that given by J3urnip, together \Vi th many nei'l ideas relating directly to the 
locked-loop process. 
lJo survey seemed to have been conducted to-date that i·ras purely 
concerned Hith pattcrning pile fabrics; information on this particular 
topic "las spread throughout the various basic processes such as Heaving, 
tufting and knitting etc. Therefore it vias decided to collate all the pile 
fabric processes ivi th particular reference to the facilities currently avail-
able for patterning them. 
2.1.2. Pile HeavinfS 
The techniques for producing a patterned Hoven pile fabric are well 
established in the forms of terry tOVlelling19 and carpet manufacture18 etc. 
In the case of terry ,,,eaving; for example, the principle of patterning re-
solves into systems of var'Jing and controlling the 'shed' of vlarp yarns per 
'pick' or 'shot' (i.e. weft insertion). Ey so doing differently coloured pile 
yarns can be caused to protrude on either side of the fabric ground Harps and 
intermixed to form coloured patterns of pile; also areas of no pile can be 
produced to create sculptured patterns. The combination of both these 
features provides a unique versatility in the specifications for the fabrics. 
In the manufacture of T .. ril ton carpets, hO'Hever, several coloured TtTarp yarns 
may be used and the ,·rarp sheds are created to produce the appropriate coloured 
pile over pile ,,,ires inserted '·.'eftvTise , ... hilst the other coloured yarns lie 
flat to form the ground or backing ,varps. In the case ofAxminste:!: weaving 
the struGture resembles that of hand-knotted carpets "There the pattern is not 
controlled by the 1..rarp shedding arrangement but by inserting short tufts into 
the ,,,eaving zone amI holding them in place by either 2, 3 or 4 "left shots. 
Taerefore in typical Axminster constructions the maximum amount of pile yarn 
is utilised above the backing as effective pile since only a comparatively 
small part at the base of the tuft .passes beneath the binding "lefts, i.e. 
there is no pile TtTeaving 'dead' or hidden in the backing structure as 'vi th 
patterned Hilton. The most COffiJ:lon method of storing the complex pattern infor-
mation for the pile weaving processes is by a series of punched cards used in 
conjuction wi tll a jacQuard mechanism20 invented in 1801. This mechanism may 
provide individual control to each pile Harp ",hich creates an extremely ver-
satile patterning system. In practice, however, it is usual to commonise the 
heald co:.'ds in the shedding arrangement such that pattern repeats are obtained 
in the weftv,ise direction. HeH developments in patterning systems consist of 
faster, more efficient and general refinements of the basic jacquard mechanism. 
Normally "loven sculptured pile fabrics consist of areas having pile loops and 
no pile loops but recent developments include systems for three pile areas 
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i.e. hie;h loops, Im" loops and no loops •. A patent13 describes the use of 
yarn characteristics to produce high and 101 ... pile areas ,,,here those yarns 
forming the 10\'r pile areas have pile loops of the same lengths as those in 
the hiGh pile areas but are self restrained by their natural hrist charac-
teristics to lie inclined to the base and thus form the 101" pile areas. 
~ectronic pattern control devices are being used; the information is stored 
in graphical form on paper and scanned photo-electrically, the signals pro-
duced makine; the selections for the jacquard mechanisms. Hovrever, the 
limi tation on such systems is the large number of '-Tarp ends to be controlled. 
2.1.3. Kraftamatic Process 
Pile fabrics produced by insertine; pile yarns into a preconstructed 
base fabric might generally be classified as tufted fabrics. Hm.;ever, because 
several recent versions of pile insertion techniques have used more complex . 
stitches than the simple inserted tufted carpet stitch, it is convenient here 
to redefine tufting as 'single sided pile insertion ,,,i thout the use of knitted 
type loops lying flat against the base material'. T'ne Kraftamatic processl , 
developed in the U.K., produces a pile on both sides of a preconstructed base 
fabric together with such knitted-type loops. The process uses a complexity 
of eyed and latch needle cotions interacting .... ri th looper fingers and latch 
bars. It may be that this rather complex operating technique is the reason 
vThy the literature survey revealed no evidence of either colour or sculptured 
pile patterning possibill ties for the process. 
2.1.4. 1'1alipol Process 
This East German processl produces pile 6n only one surface of the 
fabric using hook type needles and yarn guides. There Has no indication that 
colour or sculpture patterning was being produced by the process although pile 
seam interaction, said to be obtained21 by a sl10gging movement of the yarn 
gv.ides in much the same l'faY as con,:entional Harp knitting, has been developed. 
HOI-rever this cannot be regarded as effective patterning due to severe limi t-
ations in the ,·reft\-!ise directions and therefore it must be classified as 
providing 'surface interest' only. 
2.1.5. Araloop Process 
The stitch construction for this Czechoslovrucian processl , 18, 22 
is the same as that for the I::a1ipol, 8:1 ihough the method of p~od';'btio~ is 
slightly different. The process is one of the ma.ny variations of the Arachne 
stitch-bonding systems and there are indications that considerable developments 
have occurred recently. Reference 22 shOl-18 that, by seam interation via the 
yarn ~lides and by the provision of special cams for various stitch combinations 
the stitch-bonded. fabrics can be provided with different relief patt~rns. . In 
such cases the patterns have a limited repeat length in warp and 'veft directions 
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but the result cannot bc regarded as a true pile fabric as the shapes arise 
due to the penetration of the fibrous backing material bet,vcen the nen-inter-
laced ",ales on the face of the fabric. Again, similar relief patterns can b~ 
produced by suitably finishing the fabric i.e. by utilising different shri~~ 
characteristics23 in the bonding yarns. The Bicolor-Araloop24 process 
duplicates the stitching mechanism on the other side of the base fabric to 
create a t,vo sided pile fabric 'vi th contrasting colours on each face if 
required. The process offers scope for patterning possibilities independently 
on each side of the fabric. This may be c2.used either by using coloured vlarp 
threading or by feeding the threads into the needles via yarn guides which 
may be co-ordinated to suit the pattern requirements. Therefore patterning is 
the sam::: as on other vmrp knitting machines i.e. by threading Harp yarns and 
patteriling ch2.ins or cams. Sculpture pattenling is also claimed for the 
Eicolor-Araloop process by either guiding or not cuiding the yarn over lcioper 
sinkers. However because this principle is closely similar to that of Harp 
kni tting the limitations in Heft"rise sculpture pattern repeat length are 
apparent. 
2.1.6. \'larn Knitted Pile 
The COlTh--:J.on types of plush or pile fabrics are produced on a tvlO 
needle bed Rashel Harp kni ttirig machine \·:here one needle bank has been replaced 
~y a set of plush points or loopers. The yarn guides are then moved to co-
operate ",ith both the needles and pluoh points to produce a knitted pile. The 
cycle of operations are admirably described in reference 25 and sculpture 
patterning is controlled by lapping or not lapping the yarn round the plush 
points in the normal warp knitting fashion. Tho Shirley Institute26 has 
recently studied the manufacture of warp knitted pile fabrics and has evolved 
techniques for improving the 'overfeeding' and 'overlooping' principles. 
Several German and Czechoslovakian. patents have been filed in the past tHO 
years all claiming different approaches to pile fabric "larp knitting. Hm'Tever, 
sculpture and colour pattern repea.t lengths are still relatively small because 
of the dependence uDon warp threading. The most comrr;on pattern information 
store for shom~'ing the Harp thread guides is the chain linl< system "hich 
prompted Thlrnip35 in 1973 to observe t~at 'so far the development of electronic 
patterning systems for weft knitt.in~ machines has not provoked any simila.r 
developments in Harp knitting' and to argne that it Has. ';time for Harp l:ni tters 
to re-appraise electronic patterning systems'. This may indeed be occurring as 
referenc8 27 describes a recent patent for the electronic pattern control on 
,.;n;:::-p kni tHng machines. 
2.1.7. Veft r"nitted rile 
The met~-:ods of proo.ucing plush or pile effects in \'19ft kni tUng have 
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become ",ell established since their invention 20 years ag028 The u.sual 
principle involved is to feed two yarns to the needles at different angles. 
Special methods are then employed to draH long sinker loops \olith one yarn 
and normal sinker loops ,.,ith the other thereby tending to stabilise the 
pile loops fO::7Illed. Pattern control is achieved in the standard ",ert Imi tting 
manner by circular cawming and jacks etc. Thus the pattern information 
stora.ge and retrieval systems that are available for coloured jacquard ... ,ert 
knittingl? may be used for sculpturing a pile pattern. The result is that, 
like terry weaving, the specifications for the fabric produced are very 
versatile, although the sculptured pile may only be on one surface of the 
fabric, combinations'of colour and pile height variants have been achieved. 
2.1.8. Tufting 
D. Hards book29 co-.,rers, in detail, the principles of tufting pile. 
fabrics and describes the many colour and sculptured pile patterning attach-
ments nm;" available. HOi;"ever, all such attachments are based on pile-robbing 
techniques in .... Thich the needles make the same stroke and the yarn is picked 
up by the hook or looper in the usual manner. Insufficient yarn is then fed 
to the needles so that, as they make a normal stroke, yarn is pulled back from 
the previous loop to shorten it. Colour patterns are achieved by threading 
the coloured yarns through different needles and then 'hiding' one of the 
colours by back-robbing so t:'at the other colour has a dominant higher pile. 
Pattern repeat lengths are determined by the nTh~bcr of yarn feed rollers or 
devices ,.,hich are usually electrically clutched in and out for different yarn 
feed rates and by pile yarn threading ... rhich is scrambled from the feed system 
by tubes to the relevant needle positions. Control systems for the feed 
rollers are nml mainly renote electronic scanning of painted translucent 
filns or drtuns via photo-electric cells. Recent developnents30 in the colour 
patterning of tufted pile fabrics include the taking of yarn from a creel to 
form a sheet Hhich passes through a printing unit applying colour according 
to a predetermined design. The sheet of yarn is then Hound onto a beam vThich 
is then used on a conventional tufting machine, Another ne,;" system of 
patterned carpet manufacture is the Elackburn Rivet Head Carpet Process29 • 
This system uses a hollOi;" needle to insert single tufts of pile into a backing 
fabric. Every needle across the full vlidth of the needle bar can be fed 
selectively via as many as eight different tubes, each taking differently 
coloured yarn from creel decks. The required coloured yarn is selected.from 
the relevant creel deck and is automatically cut off and fed pneumatically 
alonfJ a channel to t~le hollm-l needle. The needle and yarn tuft penetra.te 
the backins fabric and as the needle starts to ,·dthdrm;" a small plunger 
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vrithin it holds the tuft of J"arn in place. Electronic pattern-control, 
employing a coding system based on the three e~ements of a binary scale, 
provides for up to eight colours to be used in fo~ing patteTI1S of any size.-
Sculptured effects are obtainable, either plain or colour patterned, l;i th 
three heights of pile. 
2.1.9. Em-l Pile Fabric Processes 
Vitols thesisl included a survey of conpetitive p:roducts of the 
basic, unpatterned, locked-loop process. Rm-rever, since then, ne"l pile fabric 
processes have appeared in patent form and must no;-! be considered. 
(a) A patent32 filed by the Cos~opolitan Textile Co. Ltd., claims 
a stitching process (trade na~ed 'stitch-Lock') remarkably similar to that of 
the Arachne and 1''a1i range of stitch-bonding systems. The stitch produced is 
the same and therefore it may be aGsur::ed that the patterning specifications 
available for the Araloop and rr:alipol stitches apply for the 'Stitch-Lock'. 
(b) A patent33 filed by G. Forstmann relates to,a tufted fabric by 
the definition is sub-section 2.1.3. Tuo base fabrics lie face-to-face and 
are inserted lri th pile yarns from both sides; thon separating the Ol)positely 
tufted fabrics fron each other at a set spacing drm-Is the pile as a lattice 
structure behlcen the tHO base fabrics. Cutting this pile bet,.,een the base 
fabrics produces hro pile facrics (sinilar to Hil ton face-ta-face i-l~aving 
. . 1 18) prlnclp e • Th~re appears to be little scope for colour or sculpture 
patterning of such fabrics. 
(c) A patent34 filed by Fieldcrest Nills Inc. describes an interesting 
pile '-leaving p:::oocess Hith Harp knitting type interactions. Looper vTires run 
,mrp....,ise, :r-ath-]r than 'Heftl·rise as in normal ''leaving, and the ground Harps and 
....,efts are ,-roven conventionally. The pile Harps run through yarn guides 
similar to those in 'mrp knitting and move in and out of the ground ,_ia.rp shed 
per "mft insertion. By shog8"ing the yarn guides over the vrarpvrise looper ....,ires 
and dmm into the shed a pile is formed '-Thich is held by the inserted Hefts. 
The patent illustrates a number of possible looper Hire designs ,·,hich are 
claimed to provide an enormous variety,of colour a.nd sculpture patterning 
possibilities. Three pile heights, any of "'hich r.:ay.be independently cut or 
looped, toceth:r with seam interactions '-/arpHise, Hefti-Tise 2w.idjor diagonally 
are provided for. A machine desicned on the principle of this patent v[ould 
have more versatile patterning capal)ili ties than the other systems mentioned 
in- tnis survey. 
2.1.10. General Sumnar;r. 
The ,'!Caving, tufting and '-Teft knitting processes for producing 
sculptured and coloured pile patterns provide the most versatile arrangements 
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,dth respect to pattern repeat leneths. The remaining systems, which are 
in principle based on warp knitting techniques, are far more restrictive in 
that they depend upon ya.rn guiding via shogGing motions to provide seam 
interactions for colour and pile height effects. Tbe general trend in 
pattern storage and retrieval systems is towards electronic methods. This 
is due to the increased speed of pattern preparation and to the relatively 
less physical space required for the number of signals stored. Therefore, 
based on the above currently used techniques for patternine; pile fabrics, 
a rational approach of the requirements for patterning the locked-loop process 
,·ras formulated •. 
2.2. A Specification for Patterned IJocked-IJoop Fabric 
Eefore a patterning system for the locked-loop pile fabric machine 
can be devised a specification for the end product must be decided upon. As 
discussed in section 2.1. there are several ,·rays in ,.,rhich the fabric may be 
patterned but not all ,.,rill be best suited to the process or to cO!fXlcrcial 
exploitation. As previously stated there are two basic pr:Lnciples for pro-
ducing the visual effect of a pattern on a fabric. The first is a colour 
pattern and the second is a structural change in fabric construction. 
2.2.1. Colour Patterns 
These can be achieved, even with the currently produced fabric sir.:ply 
by printing the finished material. Hodern transfer printing metl:ods can 
provide the colouring effect deep into t1:e root of a pile fabric, and the locked 
loop structure has indeed been patterned in this manner. Simple colour patterns 
can also be produced by the use of coloured yarns. At present the locked-loop 
process lends itself to only striped patterns in the Vlarp direction, i.e. by 
pre-threading the needles with the appropriate coloured yarns. novrever, the 
use of coloured yarns in the locked-loop process must be considered from the 
point of view of providing more intricate patterns. In this case there are 
tuo principles that may be considered, either by bringing the required colour 
. to the foreground of the fabric surface and alloVling the secondary colour to 
sir~ to the background; or by cutting the yarn at each stitch and then selecting 
the required coloured yarn for the follovling stitch. T'ne forrr:.er is the prin-
ciple used for colour patterning in terry "[eaving, warp and Heft knitting a.nd 
tufting, ,-[hile the latter is that used in Axminster carpet \'leaving and 'Rivet 
Head' tufting. The locked-loop process i~~ediately imposes a limitation on 
any pattcrnine; method usine; cut yarns because it is dependent upon the yarn 
being threaded through the eye of a n~edle and to rethread yarns in-process 
Hould not be practical. 
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Hm!ever, if tHO different coloured yarns 'Here to be threaded through 
t"!le eye of each needle and during the stitching cycle some form of looping 
element Has selected to produce a pile loop in one of the colours ancl allm., ~ 
the other coloured loop to fall to zero height then a coloured yarn pattern 
could be produced on the surface (Fig. 2.1. a. ). This v;ould produce a heavy 
fabric "Tith a high ya.rn densi ty at the root of t':-,e pile caused by the double 
thickness locking loop and by tbe zero heiGht pile loop not beinG used in the 
colour nff~bt. The system \lould also be very difficult to control because the 
tHO yarns ",ould need to touch each other as the~r passed through the eyes of 
the needles and the fibrous nature of the yarn Hould cause sticking and 
snagging betHeen the yarns as they Boved relatively to e~ch other. It vTOuld 
also be impractical to create an eler.lent capable of selecting one of the h,O 
coloured yarns ,.,hen they ,.,ould be so close together. 
The locked-loop process uses different yarns each side of the base 
fabric. It may therefore be possible to exchange different coloured yarns 
onto the pile fa.ces of e~ther side of the structure by using the locking loop 
as a pile loop. Consider Fig. 2.1. b., needle U2 carrying a potential locking 
loop has its yarn picked up by needle 111 and looper in position 'C'. Thus 
as needle N2 retracts it leaves behind a loop on the looper in position rC' 
instead of pulling the yarn dm-m flat to the base fabric to fom the locking 
loop. At the same time needle ln 'viII pull the other coloured yarn dO\'ffi to 
zero. To change colour on the pile face of the fabric the looper wOD~d move 
to position 'D' 2..'1d form a loop in the normal manner. This approach has 
possibili ties but the fabric produced "lould no longer have a uniform struc':' 
tural appearance and the problems of picking up the yarn \,Tith two elements 
(needle and looper) creates difficulties due to the space available in the 
stitching zone. 
The general conclusion is that the locked.-loop process does not 
readily lend itself to colour patterning other than by printing and dyinc. 
Colour patterns "~rill therefore not be considered for this particular research 
but there is no reason ,·[hy future researchers could not make further inves-
tie;ations. 
2.2.2. structure Change Patterns 
Changes in the structure of a fabric to create a patterned effect 
are quite conmon in the textile industrj. The conventional pile fabric 
production systems produce structural changes by altering the pile height 
in-process usually from a pile area to a non-pile area as discussed in 
section 2.1. The locked-loop process lends itself to in-process pile height 
va:riations and the effect produced. has been outlined previously by R. Vi tols 
et a13• HOHever, no engineering solution has yet been offered. Fig.2.2. 
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( a ) DOUBLE YAR N STRUCTURE 
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( b) YARN TRANSFER STRUCTURE USING LOCKING 
LOOP AS A PILE LOOP 
Fig 2.1 COLOURED YARN STITCHES 
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ZERO HEIGHT 
SINGLE STITCHING SEAMS 
Fig 2·2 PILE HEIGHT VARIATIONS 
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shmlS the effect 'of pile heisht variation in one stitching sean and if this 
seam Here to be controlled independently from nei:;-hbouring seams a patterned 
pile effect could be prod'~ced. It ,·ras therefore decided that this type of 
patterning (sculpturing) for the locked-loop process, should be developed. 
In order to investigate pile height va.riations further, a manually-operated 
locked-loop sti tdhing rig 'vas manufactured (Fi"g. 2.3. ). The rig used standard 
needles but the looper eler.tents Here a.djustable independently to mov"e them at 
varying distances from the base fabric to create different pile heights. 
2.2.3. Ideal Specification 
The ideal specification for the fabric 'vii th a varying pile height 
,VQuld be one that provides multiple height variations independently in Harp 
and Heft directions to produce undulating effects or sharp contrasts. HO':Tever, 
because of the density of stitching in both 'vrarp and 'vleft directions, i.e. 
2 Ilun (0.078 11 ) spacing beb-leen ~eams in the ,·wft direction and a maximum of 
14 stitches per inch in the ,·mrp direction (as in the currently produced 
Il'.achine) the fabric is relatively 'open' in structure and an undulating pattern 
Hould not be clearly seen by eye. To study the contrasts in pile height the 
manually-operated rig ,{as used to determine "That difference in pile heights 
'·lere required in order that they may be visually discernable.' Fig.2.4.a. 
shoHs samples using maximum pile height available ,vi th the manual rig of 
5 mm (0.2") and minimum pile heigJlt of 1.8 mm (0.07") the lO'vlest available 
Hith the type of looper used. It nay be observed that the pattern is clearly 
visible but the effectiveness ''lOuld be reduced should either the ma."'(imum pile 
height be reduced or the minimum be increased. Fig.2.4.b. is a sample using 
the minimum pile height and zero pile height; again the pattern is clearly 
visible but in this case the ,:,ffectiveness of the pattern ",ould be improved 
if a zero pile height v.Tas to be mainta.ined ,·,hile the piled area was increased 
in height. It is clear from the bvo examples of Fig.2.4. that the locked-loop 
process \'lould possess greater versatility of operation should a sculpturing 
device be incorporated that could provide in-process pile height variations 
of maximum, minimum and zero and in ,·,hich the maximum and minimum heights 
could be independently varied. The ideal sp8cification "li th respect to ~' 
pattern repeat length \wuld be an unlirni ted syster.t in both Harp and Heft 
directions. 
2.2.4. Compromise 
The L~uge of the needles and loopers in current use on the Locstitch 
macr.ine is 13 per inch i.e. 2 Il'.r.l (0.07811 ) seam spacing. "i1hatever pile height 
selection device is used it must be independent for each needle in oTder that 
a patteTIl can be produced. Therefore each selection device must be packed 
into a 2 rrrrn pitch. For the purpose of this research it 1:1aS not consid.ered 
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Fig 2.3 THE MANUAL RIG 
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(a) 
(b) 
Fig 2.4 SCULPTURED SAMPLES 
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necessary to go t o thi s extreme ; t bus , t o demons t rate t he pri ncipl e , it Has 
decided to accep t the compromise t hat one selection device would c ontrol hlO 
l oop8 Ts a t 4 mill (0.156") pitch but th,d th systeJ:l in p::-inciple Dus t even-
t ual1y l end itself to indiviclual l ooper control. In sub- section 2. 2. 3. it 
\'Tas sugge s t ed t llat a system tha t c ould produce maximum , mi nimum and zero 
pile height s vlOuld be mos t desirable . 'l'h i s conId involve a me t h od of 
selec t ing a r:ti nimum of tvlO positions u s ing a t hird position as datum . T:.fle 
pattern informa.tion sto.rage vlOuld t hus become complicated as l..rell as t he 
l ooper c ontrol. Once again it .... 'as dec ided to accept t he c ompr omise t hat an 
' on- off ' me t hod of sel e ction Hould b 0 better sui ted to t h i s research , but 
t ha t the system shoul d l end i ts elf t o t rebl e selections . This gives the 
possibility of producing tHO t ypes of scul ptured pat t erns :-
either 
o r 
( a ) Produc tion of a high pile and a 10'" pile , 
(b) Production of a pil e and zero pile . 
T'ne tvlO t ypes are illustrR.ted in Fig. 2. 4. (a ) and (b) r e spe ctivel y . 
The first t ype (a) has a full face covera.ge of t he base f a.bric producing a 
' r ich-lookinG ' a teria.l but the amou.."l t of yarn used is re l atively high. The 
second type (b ) :::-equires l ess yarn but t he base fabric ' grins ' t hrough the 
sti tching , thus Ylecessitat i ng a f ai rly good qual ity base fabr ic Hhich might 
have to be p-recoloured to sl).i t the yarns used . Both t ypes of scul ptured 
pile f a b-r..Lc \-Tou.ld be acceptable for di '~ferent ma-rke t s , e . g . type (a ) for 
tOHelling , uphol stery otc ., and typo ('0 ) fo . bedspreads , curtains e tc ., and 
t herefore both systerr,s !:El.S t be c onsider.ed . The ba sic specifications for the 
f ab rics to be produced are :-
Snecifica tion J 
( a ) Two pile heigh t s produced in- process . 
(b ) lTaxir.J.um and mi nimum ~ile heights i.ndepende ;.tly preset . 
( c) Sel ection made pe r stitch in the Harp direction and per 
t HO seams in t he Heft d irection . 
( d ) Pat tern repeat l engt!":l unl ."i.mi ted in bo t h uarp and Heft 
di rec t ions . 
Suecifica tion II 
--'- -
( a) One pUe heigi1 t and zero pile prOd'LlCed in- process . 
(b) The :r>il e height preset . 
(c) Sel ecti on made pe r s t itch in t he warp direction and per 
tHO seams in t he weft direction . 
( d) Fat tcm repeat l ength unl i mited in both Harp and \'feft 
directions . 
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C H APT E R 3 
DEVELOP~~T OF THE LOCKED-LOOP PROCESS TO-DATE 
3.1. The First Pm,ered Rig (1969) 
The Wray/Ward dual invention of the locked-loop stitch and 
the method of producing it by sewing needles was furthered consider-
ably when the pile fabric \.,ras first produced at speed on a powered 
research rig, since previously it had only been manufactured by simple 
hand operated apparatus. The rig, illustrated in Fig.3.1., \ofaS 
designed and developed by R. Vitolsl and sponsored by S.R.C. 6 It is 
necessary to discuss the main stitching elements of this rig here, 
since a detailed understanding of their characteristics was to prove 
useful during the course of the present "'Tork. 
3.1.1. Needle Motions 
Fig.3.2. is a cross-sectional view through the stitching 
zone and drive shafts. The eccentrics (1) on the drive shafts serve 
to reciprocate a link (2) to which is secured t he needle bar (3). 
This link (2) is stabilized by another link (4) susp~nded from a 
rocking segment (5) having variable length adjustment via the slot 
and locking arrangement shown. The segment is rocked by lin.1(ages (6) 
"'Thich are also driven by eccentrics (1) on the drive shafts. The whole 
linkage system is duplicated on the other side of the base fabric (8) 
to drive the other needle bar (7). The resultant needle motions are 
a harmonic reciprocating movement to effect t he penetrations and with-
drawals from the base fabric combined with a vertical rise 'and fall 
movement derived from the rocking segment (5) so that "'Then a needle 
bank has penetrated t he base fabric it moves essentially with the base 
fabric. This latter movement is adjustable according to the stitching 
pitch desired, by adjusting the effective length of the rocking segment 
(5). Fig.3.3. illustrates the resultant orbits, produced by these 
combined movements, at the needle point in relation to the base fabric. 
Vitols also attempted an ingenious 'interdigitized' needle 
system for providing a reaetion to the needle piercing force thereby 
minimizing the base fabric deflection. This \ofaS done by duplicating 
the linkage system on both sides of the base fabric but driving them 
half-a-cycle out of phase with the original linkage. The result con-
sisted of four needle bars· each with the needles pitched at twice the 
finished fabric seam pitch, two opposing needle bars interacting half-
\ 
a.-cycle 01Jt of I>hast~ with the extra interdigi tized pair of needle bars. 
However, it was found that adequate fabric support guides, Fig.3.2.(9), 
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Fig.3.1 GENERAL VIEW OF FIRST 
POWERED RIG 
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Fig.3.2 SECTIONAL VIEW OF 
FIRST POWERED RIG 
34 
COURTESY OF R.V.l 
~~ 
r-
z 
<t 
1-
CJ) 
Z 
o 
u 
------
LOCUS OF LEFT SIDE 
NEEDLE POINZ 
~- -j 
----- - /--
COURTESY OF RV' 
Fig 3.3 NEEDLE ORBITS USED ON FIRST POWERED RIG 
and high base fabric tensioning kept the base fabric deflections 
within acceptable working limits and so the extra pair of needles 
was removed. The retention of t he interdigitized linkage served to 
dynamically balance the stitching linkage thereby producing an ex-
tremely smooth-running rig. 
3.1.2. Looper Configuration 
The loopers were in the form of hooks, Fig.3.4.(a), which 
moved up to the yarns between the base fabric and the extracted needles; 
having hooked the loops of yarn the loopers then moved do,m to allow 
the needles to re-penetrate the fabric. The hooked ends of the loopers 
were necessarily rat her small to suit the gauge of the needles (12 per 
inch) and consequently the loops occasionally slipped off the hooks 
when the latter moved aivay from the needles. To prevent this, a 
shogging motion (i.e. side-ways in the weft-wise direction of the base 
fabric) Has introduced such that the loopers moved up to the yarns and 
then across to allOlv the hooks to hold the loops firmly (see Fig.3.4.b). 
3.1.3. General Appraisal 
The powered test rig served to demonstrate the production 
of locked-loop fabr ic at speeds up to 1300 stitches per minute, which 
was a particularly remarkable achievement considering that all the 
loopers and needles were individually hand-made. The addition of the 
shogging motion to t he looper hooks solved the immediate problem of 
yarn slip-off but the rig still exhibited a certain amount of random 
pile height var iation per stitch and this i·/in be discussed later in 
sub-section 4.1.2. The balancing of the linkage system by an out-of- . 
phase duplicating linkage produced a Imv noise level rig and even 
permitted the use of clear plastic shaft support plates to facilitate 
photography. The main criticism of the rig 4 related to the inaccess-
ibility to the sti t ching zone and finished pile fabric in that the 
linkage mechani sm driving the needle s was positioned in such a manner 
that threading the needle s was a very aivhrard procedure. Horeover, 
the finished pile fab r ic moved dowmvards so that it could not be in-
spected closely until many stitches had been produced. However, both 
of these criticisms were rather unfair in that they relate purely to 
commercial requirements, which was not t he fundamental objective of 
producing the research rig which, for expediency, was designed around 
an existing obsolescent cast iron machine tool bed. Nevertheless, 
these criticisms must not be ignored when constructing more advanced 
rigs. 
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3.2. Undergraduate Pro.iects (1967 to 1972) 
There have been several undergraduate final year projects 
relating to the locked-loop process since it was first conceived. 
Prior to the construction of the first powered rig, B. Linger8 and 
J.E. Vine9 considered some of the basic concepts involved in producing 
the locked-loop fabric, but their work was confined to feasibility 
studies. H.R. Yilleall'O investigated innovative 'stop motion' devices 
11 
and yarn bre2~age detection systems . J.B. Gerrard produced a 
solution for a variable intermittent yarn feed device but its use 
could only be applied to constant pile height fabrics. Unfortunately 
this vast amount of backgrofu~d study provided no basis for developing 
a sculpturing system on the locked-loop process. 
3.3 . Commercial Machine (1970 onwards) 
The engineering aspects of the commercial 'LOCSTITCH t 
machine (Fig.3.5 .) produced by Pickering Locstitch Ltd., the prototype 
version of which was designed by G.R. Wray and G.F. Ward at Loughborough 
University of Technolo5y 1970, must be considered in some depth, as the 
author's research rig for producing sculptured pile fabric was based 
on the standard prime movers of this machine . Hm.rever , only the areas 
relevant to the actual stitching process are discussed here, ancillary 
equipment and control systems being disregarded. 
3.3.1. Specifications 
The specifications given belm., relate to the stitching 
capabili ties of the commercial machines , \ .... hich should be either adhered 
to or improved on ,.,rhere possible when making fur ther developments. 
Needle Gauge 
Sewing Width 
Stitching Pitch 
Pile Height 
Speeds . 
Nominal 13 per inch - 9 . 078 inches 
(Nominal 52 per 10 cm. - 1 . 981 mm.) 
3 metres 
Variable increments of 6, 8 , 10, 12, or 14 
stitches per inch (24 , 32, 40, 48, or 56 stitches 
per 10 cm.) 
Infinitely variable on either fabric face from 
0.070 inches (1.8 mm.) through to 0 .200 inches 
(5 mm. ). Also zero pile height can be obtained 
simply by omi tting l oopers. 
Operating sp~ed - 750 double stitches per minute. 
Inspection and setting up speed 50 double stitches 
per. minute 
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Fig.3.5 THE PROTOTYPE LOCSTITCH 
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3.3.2. Needl e Motions 
The needle bars on the co~~ercial machine are driven by a 
cam/linkage system which is completely different from the needle 
mechanism of the first powered rig. Fig.3.6. illustrates theconjugate 
cam modules, several of \-Thich are stationed along the se'ving width at 
IS inch intervals to provide needle bar stability and these are pro-
vided on both sides of t he base fabric . The primary conjugate cam set 
(1') mounted on the main drive shaft (2) reciprocates the link (3) via 
a bell crank (4). This provides the primary motion to the needle bar 
(5). The secondary motion is derived from another conjugate cam set 
.' (6) which, through th~ various links 
(S) on the main needle bar li~k (3). 
(7), provides a movement at point 
The length of link (9) may be 
adjusted in order to obtain changes in secondary needle displacement, 
thereby creating the variable stitching pitches listed in sub-section 
3.3.1. Fig.3.7.(a) is a curve representing the primary displacement 
of the needle points. The motion bet'veen positions 13 and 7, .rhich 
correspond to the needles moving into the base fabric, is a parabolic 
function. The needle retractive motion bet .. reen 7 and 13 is a 
cyclodial function and the combined effect of the two motions produce 
a quick-return action for the needles. Fig.3.7.(b) is a plot of the 
secondary displacement of the needles relative to the point at "Thich 
the needles first enter the base fabric. The full line represents the 
displacement motion for maxi~um stitching pitch and the dotted line 
tha t for minimum pitch. It is obvious from this graph that the second-
ary cam design was based on the maximum stitching pitch position 
because of the straight-line portion, indicating constant velocity 
equal to base fabric speed. Hhen stitching pitch adjustment is 
wade however, the secondary displacement becomes distorted in the area 
'vhere a straight line is ideally r equired. Further comment about this 
distortion will be made in section 9.1.2 Fig. 3.S. shm·rs the re suI tant 
orbits of the needle points produced by the cam modules . The critical 
positions of the orbits are , the needle penetration point (1) which is 
the datum point of the orbits, the positions at which yarn pick-off 
occurs (S) and (16), and t he needle point cleararice ,·rhen l ooper 
shogging occurs, i.e. bet'tleen (ll) and (1'4 ). 
3.3.3. Looper Configuration 
The looper elements used on the commercial machine are 
as sembled in the form of a reed by being cast into a plastic strip 
illustrated in Fig.3.9.(a). Fig.3.S. shows the relative positions of 
the needle orbits to the looper settings (from 0.070" to 0.200"). 
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It will be noticed that the looper is moved at a 750 angle to the base 
fabric when it is preset to a particular pile height; this is presumably 
to maintain clearance between the loopers and needle bar. Banks of 
looper reeds are mounted on a sliding member so that they can be shogged 
tranmr.arsely between the base fabric and the needle points. The shog-
ging drive to the looper banks is derived from a barrel cam situated 
at one end of the machine. The total displacement of the loopers is 
0.078", i.e. the needle gauge, and they make one pass per needle cycle. 
Therefore the total cycle of t~e shogging motion istwrcelthe cycle time 
of the needles. Fig. 3.7.(c) shows the shogging displacement curve of 
the loopers in relation to the needle motions. 
3.3.4~ General Appraisal 
The cam modules are situated such that the finished pile fabric, 
which is produced in an upward ~irection, can be viewed immediately 
after stitching. 11achine balancing is achieved by various counter-
weights built into the cam module linkages and also by positioning a 
weighted motion system between the cam modules, which are stationed at 
18 inch intervals along the sewing width of the machine. Thus the 
total needle motion system is very stable, compact, and quiet. However, 
the primary cam displacement curves, consisting of cycloidal and para-
bolic functions, do not produce the most favourable acceleration 
characteristics and it would seem that there is reom for further 
improvements. The shogging member, on which the looper reeds are 
mounted, is constrained by a slideway lined with a low friction 
material. This slideway poses certain alignment problems especially 
on large sewing width machines. The rolling action of the barrel cam 
follower, which drives the shogging member, must also exhibit certain 
. 
undesirable dynamic characteristics. There is always scope for 
improvement of every design and although it is not within the terms of 
reference for this project it was considered that suggestions for 
improvement to the standard machine should at least be recorded. 
Chapter 9 of this thesis was therefore devoted to certai~ design 
recommendations for improving the needle and looper motions of the 
standard commercial Locstitch machine. 
3.4. Project Work Running Concurrently (1973-1974) 
The deveropment of the locked-loop pile fabric patterning 
system forms only a part of the present work that is currently being 
undertaken within the Department of Mechanical Engineering, Loughborough 
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Uni versi ty of Technology. Some of this vlork has not as yet been 
published and thus can only be mentioned briefly. 
3.4.1. Linkag-e Synthesis 
Postgraduate research into the computer synthesis of a needle 
12 
motion linkage is being carried out • The object of the research is 
to replace the cam modules (Fig. 3.6.) \d th a pure linkage system that 
produces a suitable needle orbit for the locked-loop process. The 
elimination of expensive precision ground conjugate cams should prove 
most beneficial to the dynamic characteristics of the process. At 
undergraduate level a design exercise is being conducted to convert 
the computer synthesised systems into practical engineering applications. 
3.4.2. Sculpturing 
Final year project student, J. Robinson, has been working on 
the development of a pile sculpturing system for the locked-loop 
process, within similar terms of reference to this work. Robinson's 
reportl3 is now to hand and it contains many useful references to 
textile patterning devices as stated in sub-section 2.1'.1. However, 
Robinson's suggestions for sculpturing the locked-loop fabric contains 
certain dubious engineering features that would need further investig-
ation, and his report was too late for these to be made in the time 
available for completing the particular sculpturing system described 
in this thesis. 
3.4.3. pynamic Analysis 
"[ork has recently started at undergraduate level into dynamic 
considerations of the looper manipulation mechanism designed in sub-
section 4.3~6. Detailed analysis \vill be important when the design is 
appraised from the commercial application view point. Time did not 
permit such an analysis to be thoroughly co~sidered in this repgrt and 
thus the undergraduate projectl4, when submitted, could provide some 
useful 'back-up' information. 
3.4.4. Yarn Feed 
The formation of different loop heights i~-process involves 
the feeding of varying yarn quantities per stitch, or per pattern change. 
This will require a specialized yarn feed system. A discussion of the 
problem and a solution is offered in section 6.2., but more detailed 
investigations are also being carried out by an undergraduate project 
student15• It is hoped that the outcome of both these stUdies will 
re suI t in a practical commercial systemvlhich may be of use to -other 
pile fabric processes as well as the locked-loop stitch process. 
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CHAPTER4 
JBSIGH OF A R~SB1\.RCH RIG FOR SCm;PTiJRniG 
4.1. A Study of the IJooper Regui t'ements 
, 
Tne object of this study ,·,as to determine \-That components and motion 
requirem~mts Here needed in the sti tclling zone in order that a sculpturing 
system could be engineered. to suit the basic terms of reference, (section 1.3.) 
Tne study involved an analysis of the exact locked-loop stitch formation 
principles. Investigations Here made into the relationships between the 
ne:-dle points, needle eyes, and t'r-e yarn itself, together ,dth considerations 
of the effects that the base fabric and different shaped looping elements 
might have. 
4,1.1. The Necessity for Loopers 
The locked-loop stitching process is such that if there vlere no 
looping elements at all,' zero heie;ht pile ,.,ould be produced. This is because 
as the eye of tr.,:- needle penetrates the base fabric the yarn is dragged from 
the pile loop just forrned as ~"ell as from the SUlJply yarn (Fig. 4.l.a). 
This ,·rould occur even if the supply yarn tension ''laS zero because of the 
frictional drag produced on the yarn bet\-Teen the needle flank and the base 
fabric; thera 1-lOuld be no' control over the tension in that portion of yarn 
"[hich has been forced throu.:;h the base fabTic, and the yarn 'l.wuld not travel 
through the needle eye at this stage thereby resulting in the pile loop being 
pulled do'..m to zero height. This effect ",as observed on the pmTered rig 
(section 3.1) "Then the yarn dropped off the hooked looping elements. As this 
occurred the pile height "ras continuously reduced until the needle reached 
bottom dead centre (Fig. 4.l.b). HOi-lever, if, prior to the needle eye 
penetrating the base fabric, a metered amOU!lt of yarn vTas to be 'pumped' or 
'injected' into the cycle then there Hould be too much yarn for the needle 
stroke to accommodate and a pile loop could be formed v,i thout loopers 
(Fig. 4.2.a). To ensure that this excess yarn required Has not produced at 
tpe yarn supply side of the needle eye, a hollOi-l needle could be used. This 
idea vTas postulated by Vit01~1 for making n,0n-sculptured fabrics and indeed 
ho110'.-1 needles are not uncommon in t~e tufting industr'J (sub-section 2.1.8). 
Hm.,ever, for the locked-loop process the hollOi.,r needle bore ,vo1.ud need to be 
in the region of 1 mm (0.040") diameter to al10\01 the various irregularities 
in the yorn to peWS through. There ",ould need to be in the region of 0.33 mm 
(C.015") minimun metal thickness around the bore if the needles are not to be 
too brittle and this' thickness needs to be increased in the region \'There the 
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complementary needle picks off the yarn as this ,-!ould occur over a hollov' 
.L' (F' sec v10n 19. 4.2.b) • Apart from the obviously difficl.l.1 t needle manufac-
turing problems, the cross-section of the needle ,-!culd bocome 1.90 mm 
(0.075 11 ) thick uhich means that the use of 13 f,auGe m~edles (2 mm 0.078" 
pi tCh) \wll1d not be possible. Even if interdigi tized needles \Vere to be used 
(sub-section 3.1.1) the base fabric distortion in the \-,eft direction HouJ.d 
be too excessive. Instead of using holloVl needles the stroke of the needles 
could be increased '-Then outside the base fabric since this Hould create the 
necessary extra yarn for producing varying pile loops (Fig. 4.2.c) Hm-lever, 
becau.se the needles are also required to pick up the yarn from the complemen-
tary needle, not only vlOuld the stroke have to var<-J but also the dynamic 
characteristics. This ,",ould impose great enGineering difficu~ties if applied 
to individual needles per stitch Hhen forming a sculptured pattern. Thus it. 
,-rould seem impractical to develop a sculpturing system '-li:bhout the use of 
some form of looping element. Tne criterion is that yarn, in varying quan-
tities, must pass through the needle eyes by overcoming the frictional drag 
bet\Veen the needle flanks and the base fabric and a:vparently this may only be 
achieved by pulling the yarn tightly over a pre-positioned looping element. 
4.1. 2. Hooked IJooners 
'1\'10 vm,ys of controlling the pile height are possible vIhen using 
hooked loopers:-
(a) :By forning maximum pile height every time but controlling the 
instant in the cycle ,{hen the yarn drops off the hook, such that further 
penetration of the needle drags the pile loop to a certain height. This yarn 
drop-off timing position Hould be very critical because at high speeds (750 
st/min. say) a variation of position of, say 10 nillisecs. represents a 
needle travel of 3 mm (0.12") v!hich 1'lOuld cause a pile variation of about 
1.6 ~~ (1/16") (Fig. 4.).a). Due to the inherent yarn characteristics of 
variable elasticity etc., this critical yarn drop-off position cOlud not be 
guara.."lteed and a pileheicht random variation of 1.6 Dun (1/16") ,lOuld not be 
acceptable. This p:1enomena lTas observed on the pm-,ered rig (section 3.1.) 
",hen the loop ya.rn tension becomes too great for the hooks to hold an.d the 
yarns drop off the hoo1:s at different needle penetration positions. 
(b) The second possibility of varying the pile height \Vith hooked 
loopers ,-!ould be to r:1ove them in aml out to set positions depend.ing on the 
pile height required and then to drop off all the looped yarns a.t the same 
time on the retraction stroke of the needles, i.e. '-Then the latter is 
demanding no more yarn (1;" .lg. 4.3.b) After each pile loop formation the 
looperm"ould ,';cwe to be shogged to drop off the yarns positively so that 
large loops ,",ould not be carried back dOHmrards into the stitching zone 
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Hhtm the loopers move to pick up the next yQJ.."'n loop. T:'1is \'lould create no 
irl'1Dcdiatc p-robler"s, hLlt the tob.l r:!8.chine layo\lt' Dust be cO:lsidcred froTI 
the vim-'point of ap~')lyins individual cont:~ols to each hooked loor-cr to vary: • 
its position ;:mrl thus proll.uee a sculptured patbrn. Fig. 4.3.c indicates 
..... that a larGe su.pro~t bean \-Toulc1 b8 r2quirecl to carr'J the looper control 
box across the sti tchinc '\ddth of the machine and a separate drive shaft 
or prime nOver would also have to span the sti tcning '-Tidth to rr.anipulate 
the individual loopers. The sc'.:lptured pile produced ,-/ould not be visible 
for many stitches after production due to the position of the looper control 
box and the needle accessibility '\{Ould be considerably reduced thereby 
creating difficulties ,.,hen th]~eading the needles. Therefore any system 
'-Ti th the hookecl loopers 1'OS:1 tioned on the l)ile formed side of the needles 
lwuld probal)l~r be cOIT'_r;lercially unacceptable. Hm.,ever, the concept of hooked 
loopers should not be completely dismissed, as the possibility exists of 
nsing inverted hooks, as shm.ffi in Fig. 4.4.a, \-Thereby varying the pile 
height could be achieved by var,fins either dimensions x or y. T~e main 
problem occnr.s in removing the yarn from the hook. If this \-Tere not done 
posi tively the rile \wnld be ora-gged back into the sti tclling zone, thus 
causing entanglements. Shoscing to remove the loop could only be done 
'-Then needle lD. (Fig. 4.4.a) has left the fabric but at this stace the 
needle N2 Hill ha.ve piel'cod the ba.se fabric thereby restricting any 
shogging motion. In order to shog and miss 112 the hooked looper could be 
shaped as in Fig. 4.4. b. It '\'lill be apparent from this illustration that 
a reed tY'pe looper, as used by the inventors for their design of the 
current commercial Locstitch machine (sub-section 3.3.3.), has evolved 
from such thinking, since the necessity for a hook is thereby removed. 
4.1. 3. J3ack-Robbinp,' 
~De technique of back-robbing the yarn from a pile loop is used 
extensively for sculpturing tufted fabrics (sub-section 2.1.8.) and 
therefore mu~t be considered as a possibility for sculpturing the locked-
loop process. To achieve this the needle must reach bottom dead centre ",ith 
the yarn tieht over a looping element and as the needle ret~acts, the yarn 
mUGt be dropped off the looper. Then upon furth2r, needle retraction the 
yarn Hould need to be stoI'ped fron travelling through the needle eye by 
providing, in effect, a reverse yarn feed at the same rate as the needle 
retra.ction (Fig. 4.4.c). This aIJproach aprears to have distinct possibilities 
except for one undesirable feature. It ,·,ill be observed from Fig. 4.4.c 
tha t the path through "hicl, the ya;rn is to be robbed from loop I A I passes 
throueh the base fabric and. a lockinG loop 'n', around the complementary 
need.le 111, out 0: the base fabric and again through the locking loop 'B' 
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At this point in the cycle needle In is also tending to increase the 
tightening effect of the locking loop In' as the yarn is pulled tieht 
over the looper Ll. T'nerefore, it ,vas envisaged that hjgh yarn tensions 
would be involved in the stitching zone just when the required reverse yarn 
feed would need to be applied. Trials were carried out on the manually 
operated rig (sub-section 2.2.2. Fig.2.3.) in order to quantify the effects 
of these high yarn tensions. The tests \-Tere not exhaustive due to the 
unavailability of different types of yarn, but the general result was that 
most yarn of the types likely to be used on the locked-loop process broke 
before enough tension was applied for a satisfactory back-robbing of the 
pile-loop. Hm-lever, the needles ",ere static "Then these tests were performed 
and the situation cpuld well improve should the needles be moving \fi th their 
correct orbital motions. Therefore, it '"las decided to postpone the technique 
of back-robbing until later in the research programme when the needle 
dynamics could be taken into account, (section 7.2.) .. 
4.1.4. Reed ~[pe Loopers 
The reed-type loopers, as described in sub-section 3.3.3. are 
positive an~ produce a uniform pile height, but they do exhibit certain 
unsatisfactory characteristics. Improvements to these characteristics of 
the standard looping element ,.,rill be suggested in section 9.2. as they are 
not i~~ediately relevant to the development of a sculpturing system, although, 
if adopted, the suggestions should improve pattern reliability. HOvlever, 
the design of the reed looper end must be resolved at this stage. '{hen a 
small reed tip, as illustrated in Fig.3.9.(b) ",as used, large pile height 
loops occasionally slipped off the reed prematurely and, as the needle 
continued its penetration into the base fabric, the pile loop was pul~ed 
dmID to zero height. This problem ,,,as overcome on the commercial machine 
by increasing the reed tip length (Fig.3.9.(c)). However, 'fith the longer 
reed tip and with the machine set to the smaller stitching pitches, t,vo 
or three needle cycles elapse before loop slip-off occurs (Fig.4.5.(a)). 
This situation \vould be unacceptable if the looper is to be moved to differ-
ent pile height settings per stitch for sculpturing •. Although increasing 
the looper tip length apparently overcame the problem of yarn slip-off on 
the commercial machine, it was believed that the real solution may have 
resulted from the method of adjusting the loopers. Consider Fig.4.5.(b) 
,"hi ch shows the needle, yarn, and looper relationships '-Then loaper shogging 
is about to occur. The looper set at 1.8 mm (0.07011 ) pile height is '-Tell 
positioned to pick-up the yarn but the looper set at 5.0 mm (0.2") ~ile height 
is dubiously positioned for yarn pick-up and the likelihood of the yarn 
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slipping off the looper end is apparent. There seens to be no real 
justification for adjusting the loopers in a plane inclined at 750 to 
the base fabric. It '-las therefore concluded that looper adjustment could 
be perpendicular to the base fabric and the need for long reed tips might 
then be eliminated. The use of reed-type loopers for producing a sculp-
tured locked-loop pile fabric has been shoi'ffi to offer more favourable 
conditions than the other looping methods discussed above, and therefore 
the development of a pattenling system resolves into providing suitable 
reed looper manipulation and selection devices. 
4.1.5. A 100per Orbit 
It is apparent from the previous sub-section that the most diffi-
cul t sculpturing system to develop i'lOuld be one that produces fabric to 
specification I (sub-section 2.2.4. high loops and low loops). This is 
because lOi., loops \vould need to be forcibly slipped off the loopers before 
the latter could move to a high pile height setting. In the case of fabric 
made to specification 11 (sub-section 2.2.4. pile loops and zero height.loops) 
the zero height loops would not be formed over the loopers at all and it is 
envisaged that the premature yarn slip-off occ~ing on small length reed 
tips could be used to advantage to create specification 11 sculpturing. 
Therefore the decision ivas made that this research should be concentrated 
on solving the problems for developing the most difficult sculpturing system, 
and thus the information acquir8d during the research would then provide a 
valuable basis on "'hich to develop simpler systems. Tne remainder of this 
chapter is consequently devoted to the study of making a t,.,o pile-height 
sculptured fabric to specification I. 
Fi·g. 4.6. (a) shOi"s a proposed orbital relationship beti-men the 
looper and needle point. The reason for the movement from C to D i"ould be 
to cast-off a small height loop, ,.,hich must be done because simply moving 
the looper to a high position Cc toA) ,.,ould pull and distort the small 
loop stitches. The looper starts to move dOi-m from C to D i-lhen the yarn 
has been picked off the penetrating needle by the complementary needle. 
I'ThEm the needle has travelled from D' to A' the looper has retuxned to the 
horizontal position and then shogs sideivays} As the needle re-enters the 
base fabric the looper moves tOvlards the base fabric also but is stopped 
short by an amount equal to the pile height requ.ired. Thus, as the pile 
height is varied,. the looper orbit changes (see Fig, 4.6. b). In sub-
section,-4.1.1. it was concluded that the yarn ",ould need to be pulled tight 
over the looper in order to drag the yarn through the needle eye. This 
means that at high pile heights the yarn tension may be such that instead 
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of the yarn slipping off the looper end it could be drag::;-ed do~m "d th the 
looper into the stitching zone behwen the gaps of adjacent needles. To 
avoid this a slightly modified orbit is proposed as in Fig. 4.6'. (c) 
using a base orbit and then creating a yarn tension relief motion before 
returning the lo~per to the reset, high pile, position. To study the 
motions in more detail, one cycle of the needle orbit \-Tas divided into the 
16 equal time-intervals dravffi in Figs. 4.7. to 4.10. 100pers 11 have an 
assumed selection of minimum pile-height, and to shoH the orbital relation-
ships in one cycle only, loopers 12 have a.11. assumed selection of maximum 
pile height. 
1eft-hand side of base fabric - 11 shmm selecting the minimum 
pile-height:-
Station 1: Needle III is at the datum point 1 of its orbit. 100per 11 
is at the reset position and has been selected to produce a 
minimum height pile loop. 
Station 2: 
Station 3: 
Station 4: 
Station 5: 
Station 6: 
Station 7: 
Station 8: 
Station 9: 
Station 10: 
Station 11: 
Needle NI has pierced the base fabric securing the yarn over 
the looper. To avoid the unnecessary travel 'of yarn through 
the needle eye and over tpe looper end, the latter begins to 
move tmvards the base fabric at tvTice the needle penetration 
rate. 
lJeedle lU continues its penetration into the base fabric and 
loaper 11 maintains its control of the yarn loop. 
Needle ID. continues its penetration as looper 11 reaches the 
minimum pile-height position and d\vells. 
Needle NI continues its penetration but, as 11 is in a dtvell 
position the yarn tightens around the looper and begins to 
travel through the needle eye demanding yarn from the supply. 
Ditto. 
Needle III reaches B.D.C. (bottom dead centre), so no more 
yarn is demanded from the supply. 100per 11 novr cormnences 
to move do .... mwards behveen adjacent needles in order to slip 
off the 10\v height loop. 
Needle 11J. sta;r.ts-:to retract to cause the' yarn to pucker into 
a loop bet\veen the needle eye and the fabric so that the' 
incoming needle N2 can easily pick-up the stitch. 11 has 
slipped off its loop and is returning to the reset position. 
ID. retracts further, and 11 is returning to the reset position. 
Di tto. 
ID. is still retracting. 11 reaches the reset position and 
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Station 12: 
Station 13: 
Station 14: 
Station 15: 
Station 16: 
cOf.1.mences to shog sidevlays as shmm in the plan vie,·r. It is 
also a\oTaiting the next pattern information signal. 
111 has almost completely retracted, and Ll d,,,ells in a mid-
position of its shog (see Fig. 3.7.c.) while at the reset 
position. 
Ditto. 
NI cornmences to move tovlards the base fabric and Ll has almost 
completed shogging. 
NI moves tmvards the base fabric. Ll has finished shogging 
but remains in the reset position to allow slack yarn to be 
taken up. 
NI moves towards the base fabric. Ll is about to move to the 
next selected pile height position. 
Recycli:r;ig then occurs as from Station 1 and during the next cycle the looper 
Ll makes the 'return shog' back to the position shmoffi in station l. 
Right-hand side of base fabric - L2 shOvffi selecting the m~~imum 
pile-height:-
Station. 1: 
Station 2: 
Station 3: 
Station 4: 
station 5: 
Station 6: 
Station 7: 
Station 8: 
station o . 
./-
station 10: 
station 11: 
Station 12: 
l\!eedle H2 is retracting from the base fabric, Looper 12 has 
just cast-off a minimum height pile loop and is returning to 
its reset position. 
Needle N2 is leaving the base fabric as looper L2 rises to a 
reset position clear of NI. 
Needle N2 continues to retract. Looper L2 is no", at the reset 
position and is about to shog side",ays. 
Needle N2 is about to reverse direction. Looper L2 dtofells at 
the reset position ,·,hile shogging occurs and 'ofhile pattern 
selection takes place. 
L2 is shogging across N2, taking up the slack yarn. 
Ditto. 
L2 has finished shogging as N2 nmv moves towards NI for yarn 
pick-off. 
N2 picks up the yarn fror:! NI. Pattern selection has been 
made for the maximun pile loop. 
H2 is at the datum point 9 of the orbit and L2 is about to 
move to the required pile-height setting. 
N2 penetrates the base fabric and L2 is arrested at the maxi-
mum pile position. 
Ditto. 
Ditto. 
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Station 13: 
Station 14: 
Station 15: 
Station 16: 
Ditto. 
Ditto. 
1J2 is at B.D.C. and no ;rlore yarn is demanded by the needles. 
12 commences to nove dmm the gap bet"t.-reen adjacent ne8dles 
in order to slip off the loop fomed. notice that 12 moves 
. slightly tm·rards the base fabric to relieve the yarn tension 
around it. 
N2 starts to retract so that NI can easily pic~<:-off the locking 
loop provided. L2 has slipped off the high-pile loop and is 
moving to the reset position. 
Recycling then occurs as in station 1 and during the next cycle the looper 
Ll ma-kes the 'return shog' back to the position shmm in station 1. 
It ma;l be observed from Figs~ 4.7 to 4.10 that the looper orbit 
is so arranged that three elements per needle pitch are never simultaneously 
grou"Qed side-by-side Le. the loopers of the L.E.S. are never sand\'liched by 
the needles of the R.n.S. and vice-versa. This is not provided for on the 
existing corrmercial Locstitch cachine and therefore this proposed orbital 
looper system removes the necessity for critical looper/needle clearances. 
H~ving decided upon the looper motion to be employed, the task was then to 
design and build a research rig to demonstrate the principles and prove the 
sculpturing system. 
4.2. Basic Ri{~ Construction 
The research rie; Has built as a foreshortened version of the 
commercial machine, using only t\10 standard cam modules, one to each side 
of a narrOvl Hidth (200 rmn 8 inc1:es) base fabric. The housing for the cam 
modules was a welded fabrication 'lhich simulated the main structure of the 
commercial machine and allo\{ed the cam follmvers and linkages to be conven-
iently lubricated, (Fig. 4.11). A chain a.nd gear arrangement connected the 
t',lO main drive shafts of the cam nodules and also provided the standard 
barrel cam \dth a 2 : 1 speed reduction, (Fig. 4.12). The a:r.-rangement for 
driving the t\oJ'O main shafts is illustrated in Fig. 4.13 and consists of a 
slm·r-speed drive (1) and a variahle high-speed driv~ (2). T'ne variable-
speed pulley system (3) provided the necessary control of base fabric tension 
and feed rate. rThe fact that the existing standard needle drive cam modules 
and the standard barrel cam for looper shoeging Here used, imposed certain 
limitations on the desis~ of the sculpturing system, but in the time avail-
ab10 for this research it \oIould not have been possible to redesign and build 
nm'l units. I<oreover, the po si tion of the cam modules in J~elation to each 
other created a space of only 100 mm (4 inches) beti-reen the housing and the 
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base fabr ic; and this wa s a restricting cr iterion fo r t he design of the 
looper mani pul ation mechanism "Thich had to fit i nt o that space . 
4.3. Loo"[)er i"lanipulation Eechanism (Specifica tion I ) 
4. 3.1. Initial Ideas 
The looper orbital mo tion sketched in Fig. 4.6 . (c ) c ould be 
generated by a simple 4-bar l in.1.cage t but i n order to change the orbit for 
varying pile- heights requires a selectable linkage system , Therefor e it 
was decided to break dmm t he orbit into two displacement components ; a 
primar:y motion at right angl e s to t he ba se fabric and a secondary motion 
parallel to the base fabri c . The primary mot ion could then be selected to 
stop at a reQuired pil e heigr. t s etting independently for each l ooper, while 
the secondary motion could be common to all l oopers . Thus t he system 
evolves into a pri me mover or driving mechcmism Hi th lightly- loaded sel ection 
device s . 
4. 3. 2. Basic 4- Bar Looper 
\Vithin the space limitations of the research rig a 4 bar l i nkage 
was desi ened to produce a pI'imar.f looper mo tion essentially at 900 to the 
base fabric , (Fig . 4 . 14 a ) . The driving l ink (1 ) may be oscillated , and at 
predet ermined positions arrested to hold the looper a t a particular pile 
height . _4.} s o , by providing l i nk (2 ) ",Hh a vertical displacement, the 
de sired secondaIY l oope r motion could be achieved . 
4 . 3 . 3. rrrigRer r,1echa,ni srn 
T'ne design of t he basic 4- bar l inkage vTaS modified as in Fig. 4 . 14 b 
so that a lightly loaded trigge r mechanism coul d be incorporat ed . A prime 
mover (7 ) common t o al l 10cpers may be oscillated on the t ail (3) to move 
the looper bachTar ds and fOTIvards and t he trigger (4) fired to hol d the 
l in."k.age at a preset position . Thus only smal l forces are generated in the 
looper liw(s and the holding forces are transmi t ted to pivot (5) i nstead of 
to the firing device (6) . 
4. 3.4. Hydraulics - Pnuematics - El ectronics 
The devices used [0 -:-:' firing the l ooper triggers depend upon t HO 
factors , firs t l y t he method of patte rn infCllrma tion storage and r etrieval and 
secondly the time available during the needle cycle fo r firing the t riggers . 
At the maximum commercial machine st itching speed of 75 0 cycles/ min the needle 
cycle time i s 0. 080s , and the need to provide sufficient time f or the looper 
to be accelerated and decel erated consequently reduces the period in ,,,hich 
t he actual trigge r f iring can occur . The maximum time available fo r trigger 
firing was as sessed at this stage t o bf) 0. 035s , i . e . the maximum time the 
loopers could be all owed to d\Vell at t he r ese t pos i tion . Therefore the 
system becomes dependent upon r eading pattern i nfo rmat i on at 12 . 5 Hz 
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frequency and operating the triggers at the same frequency but only 
uti l izing 0 . 035s of the period. At these speeds , mechanical pattern 
read.ing did not seem practical and therefore hydraulic actuation VIas con-
sidered . Rotary valves could be used to meet the frequency requirements 
but unfortunately direct reading of patterns ca:nnot be obtained with such 
devices and consequentl y the pattern information v/Ould need to be trans-
J11itted electrically into the hydraulic system via sol enoid valves . This 
seemed to present unnecessary pattern information conversions and t herefore 
furthe r study of this method ,.,ras abandoned . A paper tape "ri th a pattern 
array punched into it coul d , hm·reve r , be read pne"Lunatically and , via fluidi c 
l ogic circuitry and turbulence amplifiers , the triggers could be operated 
vii th air- cylinder pl ungers . , Purthe r i nvestigation hovrever revealed tha t, 
Hhilst the l ogi c i n general \ofO'.Jld be capabl e of 12. 5 Hz f requency , the 
response of t he input and output devices could not be expected to operate 
a t much above 7 Hz to alloYl for full transmission time through the logic and 
for the reaction t i me of feedback signal s so generated on the program system 
itself . Therefore beca"L:. se of the time restrictions f or comple ting this 
research i t I·JaS decided not to pursue the possibilities of uprating the 
performance of such pne1..1JTIatic reading devices . The remaining alternat i ve 
vlaS to opera te the triggers electronically , and , after evaluating t he use 
of piezo-electric crystals and similar sophisticated items , t he problem 
resolved. into a study of the performance characteristics of el ectro-
magnetic components . 
4. 3.5. Solenoid Response 
It VIas intended to independently operate the l oopers as grouped 
pairs ( see sub- sec t ion 2. 2. 4.) so that the pitch of the triggers would be 
4 mm (0 . 156" ) . An electro- magnetic firing device of t his .... .,ridth \.,ras not 
practico.ble and therefore they needed to be mounted in a staggered arrange-
ment . This then governed t he physical size and we i ght of the triggers and 
the l argest one in the stagger Has used for experimentation in conj unction 
Hith electro- ma8TIetic components . Fi g . 4.15(a ) shm.;s the small experi mental 
t est rig used, the l arge st trigger (1) pivoted at (2) Has arC'anged so that 
a calibrated sp:ri ne (3) acted to return the t r igger by opposing the magnetic 
fO Tce . The travel of the l atching end of the t riecer (4 ) Has set to 1 mm 
( 0 . 040" ) t o give adequate engaeem-2nt and disengagement tolerances on the 
4- bar l ooper drive link (Fi g . 4. 1tJ. b . item 3) and .:oul d alleviate any 
p:robl ems due to trigcer bouncing I"hich might occur . Therefore t he ends (5) 
of the largest and smallest trigGers Here required to move approximately 
3 . 2 ffifil Ct ,, ) and 1.6 mm (1/16") respectivel y . Fig. 4 .15 (b ) shm.,rs a 
solenoid that Has manufactuTed to at t empt a direct pull on t he trig::;er bu t 
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at the displacem-:mts required the ener{!;,f losses in t he air gap \-rere far 
too great a!ld t~ere \-ras no appreciable trigger. r e sponse . Fig. 4 . 15 (c) is 
a cOImnercially produced moving iron core solenoid that offered an a l ternat- -
ive both in ph;ysical size and performance . HO'.'8ver , at its continuous rated 
voltaee (24 vol ts) the response time , for operating the trigger against any 
reasonable spring load , v!c1s out side the 0 . 035 s required . To i mprove the 
response time a 1 00 volt pulse was a pplied to the solenoid for O. OlOs vrhich 
overcame the inertia of t he trigger and fire d it, then the voltage was in-
stantaneously dropped to a 24 volts holding load so tha t t he solenoid Hould 
not burn out . By operat i ng it in t his manner the response time of the 
trigger c ould he varied hetvTeen 0 . 01 IS and 0 . 024s depending upon the spr ing 
return load a.nd the 100 v olt pulse time . It Has also i mportant to maintain 
the 0 . 035s for returning the trigger (L e . solenoid de- energized ) vThich ,,,as 
dependent upon the magnetic f i eld decay time and the return s pring l oad . 
Fu-:'ther experimentation produced a set of c ondi t i cins that v[ould re s uI t in 
a trigger speed sui table for the a pplication . 'I'hese conditions i'lere 1 00 
volt pul s e for 0 . 012s dropping to 24 volt holding l oad and spring return 
fo r c e of 568'f ( 0 . 125"]bf) producing the resultant response time for the 
trigger of 0.020s in both the energized and de- energized modes of operation. 
This response time Has well inside the 0 .035s maximum alloVlable period and 
t herefore .it iVas decided to desien a sculpturing system vri th t he selection 
mecbanism based on t he independent operation of these solenoids . 
4 .3. 6 . Compl e te De si.gn 
Fig . 4 .16 is a transverse sectional draHine; of the mechanism 
designed for SC'Lupturing the f abri c on one pile f2.ce . T112 looper motion 
is split into primary and secondar,f modes via the ' swan- ne cked ' arms (1) and 
(2) respectively . 'I'he primary cam (5) on the main shaft (6) of the machine 
reciprocates the ' nodding- bar ' (7) on the tail of the looper 4-ba r linkage 
(S) , providing the near straight-line motion of point (9) perpendicular to 
the base fabric. v.Then the ' nodding-bar ' (7) moves to its 10Vlest position , 
the loopers are at the reset part of the cycle and t hey must dwell there 
"lmtil pattern selection is made . The pattern se lection is achieved by 
firing the triggers (1 0 ) i-rith the solenoids (11 ) to arrest tail (S) such 
that as the ' nodding- bar ' (7) is raised avray from tail (S) the loopers 
4-bar l inkage (12) , (1 3 ), (14) and (15) is arr ested in a preset positi on , 
thereby resulting in a high pile . Naturally , if the trigger is not required 
to fire, the result i·rou ld be a 10'"' pile- height as the leaf spring ( 16) \<!Quld 
keep the tail (S) of t he looper 4-bar linkage in contact ,-rith the raised 
' nodding- bar ' (7) . The s econdary cam (1 7) on the main shaft of the machine 
recipr ocates a second 4-ba r linkage (IS) , (19) , ( 20) and ( 21) \,hich is 
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common fo r each l ooper el ement , although l i nks (20) and (21' ) a r e mer el y 
provi ded fo r stabil i zation purposes . 1"ne motion of t he secondary cam (17) 
I m,rers t he looper el ement s to achieve yarn l oop slip- off ; "Then t his occurs -
t he individual l ooper 4- bar l iru<ages (12 ) , (13 ) , (14 ) and (1 5 ) pivot abou t 
cent re (14 ) . Thi s \-Till provide a yarn t ensi on relief action as t he l oops 
a re dragged off t he l oopers . The s i de\Vay s shoggi ng motion i s deri ved 
from the standard b2.rre l cam at t he end of t he rig (Fi g . 4 . 12 ) . The mas s of 
t he components t o be shogged i s minini s ed by providing tHO fl exibl e strut s 
(3) and (4) , (Fi g . 4 . 16 ) . The fl exibl e strut (3) is comr.lOn t o eveT'J l ooper 
and the fl exible s t rut ( 4 ) is i ncorpor a t ed i nto each l ooper 4- bar as t hey 
a re required to be manipul ated independentl y . 
4 . 4 . Comuuter Aided Design 
4 . 4 .1. Eathemat i ca1 Sol ut i on 
The looper f2ani pulation me chani sm descr ibed in sub- section 4 . 3 . 6 . 
Has desi gned to fi t i n '.,d t h t he physical constra i nts imposed by t he bas ic 
r i g cons t ruction v/hich \vas i n turn determined by t he dimens i ons of t he 
commercial Loc s t i t ch machi ne . Having sati sfi ed this requi rement , t he 
displ acement curves of the primary Qnd secondal,)," l ooper cams Here calculated . 
In or der t o obt ain t he correc t l ooper orbi tal positions , as i l l~strated in 
Figs . 4. 7. to 4 . 10 . , t he "Thole of t he me chani sm \'Jas mathematically ana l ysed 
fron the chosen dimens ions of the links such tha t t he onl y variables He r e 
t he caB displ acements . Fig. 4.17. is a s chematic di agram of t he l inkage s 
showi ng the re l evant dimensi ons used i n t hese calculat ions . Appendix I 
contains t he mat hematical solution \-Thich ,·;as based on t he i ns t ant aneou s 
cart esi an co- ordinat e s of the l ink cent res Hi th respect to t he main shaf t 
rotat i on . The mat hematical solu t ion of t he total l ooper nanipul a tion' 
me chani sm i s no t , i n princi ple , a complicated deriva t i on . Hm'r8ver , to Hor k 
t hrough t he " !ho~ e c 2.J.c l1.1ation for ever;;r di s cre te ma.in s!1aft angular pos it i on 
would h8.ve been an intensel y t ime- consl:.ming operation e specially \-lhi l e 
maki ng 8.ny modifi ca t i ons t o the cam di spl acements in orcler t o optimise t he 
looper motion . 1"ne refore t he mathematical s olution \'ias rearr anged s o t hat 
t he JJ. U. T. ICL 1904A c omput8r coul d be programmed to p:rint- out t he l ooper 
co- ord.i.na.t e posi t ions rel ative to smal l mai n shaft r ota.ti onal ordinates . 
4 . 4 . 2 . Ca.m Design 
A desirabl e rise and fal l motion for a high speed cam vrould be 
based on t he cycl oidal func tion16 and t hus , both t he primary and secondarJ 
cam dis:91acement s Her e i niti ally de signed a s in Fi G. 4 . 18 (a : and Fi g . 4.19 
(a ) respectivel y . Using the computer t he combined eff ects of t he s e h vo 
di spl a cement CUT'leS Here ca l culated to produce t he r equi red or bit of t he 
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l ooper e l ements , sec Fie' . 4. 20 . Hov!ever , it may be observed from t he 
accele r a t ion curvc s of Fig. 4 . 18 (c) and Fig 4 . 1 9 ( c) that the re is a 
r ather u.."1for-tuna.te ra,te of c r..anze (i.e . a pulse / at point ' X' in both cur'les , 
r es lllting- ~roi.l the contrafle).ure points in the vel ocity curves Fig. 4 . 18 ( b) 
and Fig . 4 . 19(b ) . It Has desired tha t t he c ams should exhibit t he most 
favourable dyna.rrdc characteristics !"ossible i n t he circumstances because 
any pu l ses generated by tlie m Hill be a P.1plified through the linl~age me chanisf:l 
to t h e l oopers . 'l'herefore a p:cactical ap]!roach to cam design \'/as devised 
to miniP.l,ise any pulses p~~oduced by a cyc}oilal fall folloHed 1);)' a cycloidal 
rise , \·;i thout a pprec:l8.bly affec t ing t hc displacement curves unfavourably . 
The computer Has prograr:lr~ed to match t he s lope of t':1.e vel oc i ty curves in 
orde r to produce a ne\v ' non- descript ' curve in t he region of likely pu l ses . 
Tflis Has a ch i eve d by also maintaining equal the inteGral of the neH curve 
>·/i th tha.t of the original velocity curve betlveen t he points of s lope matching. 
Therefoe the displacement curves remained virtually unchanged as in 
Fig. 4. 21 (a) and Fig 4 . 22 (a) whilst t he velocity and a cceleration 
characteristics \'lere t heore tical l y i mproved as shm!Il in :B'igs 4 . 21 ( b) and 
(c ) 2.nd Figs . 4. 22 (b) a nd (c) . 
I mnlement2.tion of the f':echanism 
-~--
4. 5.1. Froduc ti <2-I2-t1Z.9..2.1e;:'ii 
In t he absence of p r ecision c am manufacturing facilities , the 
compute T Has u sed to determi.ne the polar c o- ordinat e s of the primary and 
seconda ry disc cam profi l es at 0. 50 interval s . The ca!:1S were then mac hined 
in steps using precision milling techniques and finally hand- poli shed to 
form a s mooth surface p r ofile . It \v'ill be noted that in sub- s ection 4. 4. 2. 
considerabJ.e effort was concentrated on obtain:i_ng near op t imum c am dis-
pl acement curves , but in practice the accuracy mi gh t \"ell be impaired by the 
manufacturing process used . Hm"ever , final inspection of t he c ams reveal ed 
t hat thei r profiles ,-:ere , reIl Hi thin acceptabl e l imits fo r the purposes of 
t his research . 'rhe design of the l ooper 4- bar linkage ,·ras such tha t it 
suited the manufacturing skills and material s available . Fig. 4. 23 ShOHS 
all t he smal l e l ements required for each pair of needl es and at thi s stage 
jigs and fixtures \,ere made in order t hat t he dimensional accuracy of 
s everal c omponents c ould be ma i n t ained Hithin close tolerances . It may be 
observe d from Fie . 4.16. tha t t he sculpturing mechani sm Has to be situated 
vli t hi.n a confined space on the research rie , thus creating di f fi culties in 
measu r i ng t he alignments of the various linkages and pivots relative to 
th needle bar and cam module . The refore a mounting fixture was c on-
structe d to r epr oduce the relevant sizes of tl1e c am modul e housine and to 
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facilitate the setting up of t he sculpturing mechani sm prior t o a ssembly 
,,,ithin the research rig. Fig . 4 . 24 shows the ·needle bar cam module mounted 
on t he fixture tOGe ther \<Ti th the sculpturing mechani sm and one looper 4- bar ' 
linkage . In thi s c ondition the primary and secondary sculpturing l ooper cams 
Here phased \vi th the primary and secondary needl e drive cams and the orbi t s 
of the l oope r checked with those of the needles . Fig. 4 . 25 is a ' rea.r ' vie, .... 
of the s cu l pturing mechanism sholN'i ng t he physical relationship of one typical 
sol enoid fi r ing trigger (1 ) to the rest of the mechanism. The corr espondi ng 
grouped pair of l oopers can be s een a t ( 2) . 
4 . 5 . 2 . Singl e Looper Sti tchi ng' 
The sculpturing mechanism vIas installed in the re search rig and 
the stitching perfo rmance of a single l ooper e lement (as in Fig. 4 . 25) vTas 
studied . A temporary yarn f eed and tension device was included so t hat high 
speed opera t i on could be acllieved . Tne sol enoid "Tas Hired such that t he 
requ i red 1 00 volt pulse and 24 volt holding load ( sub- s ection 4 . 3 . 5 . ) could 
be applied manually . At slo\-l s titch ing spee ds (18 s t/min .) the l ooper 
orbiting system perfor me d exactly as pr edicted i n sub- s ection 4 . 1 . 5. 
al though when t he solenoid ,,,as operated to produce a high pile- he i ght l oop 
t he l oop t ended to be dravm slightly dO\<ill\Var ds ,.;hen yarn slip- off occurred . 
This indica.ted that t he l oop yarn t ension r eli eving motion of t he looper 
(L e. R. H. S . of Fi g . 4 . 1 0 stations 14 , 15 , and 16) was not quite adequate . 
However , t he l oop formation system VIas , at t his staee , suitabl e for pro-
ducing a controlled s culpt m:'ed stitch . At higher st:i. tching speeds (75 0 s t/ 
mi n) the control perfo rmance of the single looper e lement remained unaffected 
and the pil e f abric structure produced Has ac tually more uniform t han t ha.t 
produced at the slow stitching speed due to t he reduced ' snarling ' e ffects 
of yarn tvlist and l Ov/er b2.se f a bric defl e ction during stitching. These 
particular e ffect s , due to inherent properties of the textile mat erial s 
rathe r t han to the mechanica l motions of t he elements , are more r elevant to 
the comnercial Loc sti tch process 2.nd will therefore b e discussed in detail 
in section 9 . 4 . The leaf sprine arrangement ( item 16 of Fig. 4 .16 ) for 
moving t he looper i n t o the base fabri c under the c ontrol of t he nodd~ng bar 
( i t ern 7) performed satisfac t orily for the singl e looper . However , ,,,hen the 
l ooper moved t o ~.,rards t he base fabric the yarn also exerted a fo rce on t he 
l ooper and the sum of t he two forces vras res trained by the nodding bar . 
The s e forces vroul d be excessive Hhen more l ooper 4- bar me chanisms are intro-
duced (eaCh with a leaf spring) a nd t herefor.e experiments ,,,ere c onducted in 
order to detem.ine Hhether t he y a rn force alone vrould be sufficient to pull 
the loopers into the base fabric . The physical space \ 'T i thin t he sti tC(ling 
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zone of the process prohibited accurate calibration of the f or e e requ i rement s 
but it Has es t ablished that , ,{ith a snpply yarn t ension of behreen 15 and 
20 gf a ppl ied at a point in the needl e cycle v/hen t he needl e eye ( pl us t he 
yarn ) has pierced the base f a1)ric , the l ooper ope r2.ted satisfac t orily 
without t he l eaf s:!,ringing a c rangement . 
4. 5. 3. Increase of Eaximum Pil e 'Height 
The maximuPl p U e he ight tha t c ould be achieved i-lith the scul pturi ng 
sys t em Has 5 mm (0 . 2" ) Le . the maximurrl height t hat mao ' be obt a i ned on t he 
c o;nmerc ial machine . 'This ma.ximum he i ght i s g overned by th(~ di s tance be h ,reen 
t he base fabric and the needle point when t he l atter :Ls Hi t hdravm to a l l Q1.{ 
t he l ooper t o shog . However , observati on of t he proc e s s i n t hree d i mension s 
r eveal ed t hat. full advant aB'e "las n o t t a)(en of t he needl e/ looper c l earanc e s . 
Consi deri ng Fig. 4.10 station 14, a t thi s position needle Nl i s at mi n i mum 
cl earanc e f rom the l ooper Ll ( approx . 0 . 076 mm , 0 . 003" ) i n t he verti ca l 
pl ane (y) but is ,{el l clear of the l ooper i n t he horizont a l pl ane (x ) . 
At s t ation 11 (Fi g . 4.9. ) the needl e /looper ( Hl , Ll ) c l earance appears t o be 
mini mal , hm'lever , a study of t he shogging di spl acer.,ent curves (Fi g ! 3 . 7c ) 
indi cates that the l ooper shoul d not int erfere l,ith the r:eedl e tip until a t 
l e8.s t stat i. on 12. Therefore i t is suzgested that t he bas i c s:pecifica t i on 
for maximum pile heigh t (5 am , 0 . 2") on both the sculpturing sys t em and the 
com.iilercial IJocsti teh machine is unne cessarily res t ricted . To demons t rat e 
that pile heights of up t o 7 . 6 mm , 0 . 3", ( representing 2. 5 ~S increase on 
the specification) may be obtaine d a motion increasing l inkage ',,2.S added 
under the noddi ng b2.r of the sculpturine r.18chanisrn as in Fig. 4 . 26a "'hi ch 
modi fied the l onper orbit to that shm·rn in Fits. 4 . 26b . Hi gher pile l oops 
Here produced ul1de r these conditions bu t because the displacements of t he 
pri mary and secondary l ooper drive C2.ms Here not matched for d i rect i n-
creases in primary mo t ion l oop distortion occllT:red "lhen s lip,ing of f t he I m{ 
pil e height l oops . Hm"ever , t he experiment served to shm, t hat t he pil e 
heights may be effectivel y varied between l. 8 mm to 7. 6 f!l_m ( 0 . 07" t o 0 . 3") 
and Fig. 4 . 27 i llustrates t he differential s ob tained . 
4 . 5 ~ 4. General A;-ypra i sal 
In general t he prin8 i ple of the scul pturi ng system deve l oped 
p :~ r:fonned effec tively a l thOUGh thr ee i tems a:r:ose t hat required fur t her 
c ons i derat ion . Firstly , an assessITi:=mt was made of t he ant icipat ed reliabil -
i t y of us i nc; the yarn a s a Pleans of appl y i ng a f orCe on t he l ooper of 
sufficien t magnitude that t he me chan i cal s prings on each l ooper cou ld be 
removed . This woul d mean t hat , as t he l ooper is pul led t o'.'lard s t he base 
f abric hy t he loop formed , the yarn vlOul d. sl i de , under t ension , over t he 
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looper end . It \-Ja s decided to acce:p t this compromise and to attempt 
minimi sation of t he sliding eff ects of the ya r n over t he l ooper by cyclic 
control on t he yarn t ension ( t his is a nal ysed in s ection 6 . 1) . ~1e second 
cons ider a tion "ras Hhether to increase the amount of yarn tension relief 
requi r ed Hhen s l i pping off high pile - hei ght loops . HOHever , to do this 
... !auld involve moving the pivot al r el a tioJ:).ship of the looper 4- bar 1ink2.ges 
and thu.s necessitate the t edious manufacture ·of ne ... ! l ooper drive cams ; as 
the effects \·:ere only of mar ginal consequence , it was decided that the 
considerable time necessary for this alteration ,·roul d be unjustified . llie 
t hi rd f actor to be resolved at this stage is hmv much importance should be 
given to increasing the maximum pile height to 7.6 mm (0. 3") as described 
in sub- section 4. 5. 3. The object of t his research was primarily to 
establish t he ba sic principles required for produc i ng sculpture patterned 
fabric and although the pattern on the pile face \wuld be more effective 
Hi t h larger differentials be tv,een high and 101.'; l oop heights t he overall 
principles remain unc':1.anged . Therefore , it was cons idered to be sufficient 
merely to observe t hat pile heights of up to 7.6 mm (0. 3" ) can , and have . 
been obtained "ri th the systern but that the research rig mechanism remained 
capable of up to 5 mm (0. 2") maximum pile height i n its operating state for 
this particul a r r e search project . 
llie next stage in the development of t he research apparatus was 
to manufacture s everal l ooper 4- ba r linkages so tha t a r easonable seHing 
width of fabric could be produced for as se s sment purposes ; at the same 
time an automatic pattern information storage and retrieval system should 
be included t o remove the manual operation of t he solenoid trigger s and 
t his is discussed in Chapter 5. 
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5.1. Versatility of the System 
The mechanical system for obtaining pil e he ight variations , "Those 
development \vas de scribed in chapter 4, may be controlled by any pa tterp. 
storage and retrieval means that provides a near instantaneous array of elec-
trical pul se signals . T'nese s i gnals \"rQuld be requi r ed to relay 100 volt 
firing loads and 24 volt holding l oads , as described in sub- section 4.3. 5., 
because commercially obtainable solenoids "rere used . If specially viOund 
solenoids had been devei!;nped f or thi s particular application , then the arran-
gement could pos s ibly be optimised, resulting in lm,rer voltage ratings . Hm"r-
ever a means of s:Yl1chroniZting t he pul se signal s vri th t he cyclic position of 
the needl es , either mechanical l y or elec trically , must be provided no matter 
what sol enoids are used . Final appraisal of t he versatility of the s cul pturing 
system vii th r es:pect to pattern stor2~e must therefore de:pend upon the P2echanical 
constra ints tha t have heen introduced . At the maximum cOfamerc ial machine s ti t -
ching speed of 75 0 cycles/ mi nute , t he needl e cycle time is 80 ms , and t he cams 
provide t he primary l ooper mo t ion \Vi t h a d1:rell of 35 ms at the rese t or se l ect 
position . Experimentation i n sol enoid response times ( sub- seGt ion 4. 3. 5.) 
shoHed t hat 20 ms VIas required for actual me cba.:'lical movement of the solenoid 
core and t riggers from the t ime of rece i.ving a signal , therefore 15 ms remained 
f or the s i gnals to be transmi t ted from the re t r i eval system through t he control 
c ircuitrJ to the solenoids . A 15 ms transmission time i mposes no restriction 
on t he type of solid state el ectroni c c ircuit l ogic (or equivalent) that mi ght 
be employed , as time scal es for such devices a re a matter of a f e,,,r micro-
seconds . Thus t he scul ptu!:'ing syste:n may be considered sufficiently v8rsatile 
to sui t mos t of the modern pattern sto!:'age and re trieval met"ods currently 
available . Fi g . 5.1. is a block diagram illu s t ration of the e l ectronic re-
quirement s ",here the pattern input signals ' A' may be obtained from for 
exampl e :-
(a ) A pre- progralJ1.med digital conputer or nagnetic tape where t he 
pa ttern signal converter ' B' becomes a Have- form shift r egister. A s can of 
say 1000 bits could be made in a few nilliseconds and stored in t he register 
until the synchroni zing pulse rel ease s the signal s to the solenoid drivers ' C' 
vrhich in t urn fire t he sol enoid trig:~ers ' D'. This vrould be fol lowed by a 
re- scan , involvj~ the storae-e of a further 1 000 bits , thereby f acili tating 
independent sol enoid cont!:'ol . 
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(b ) The p~ttern input s i gnal s may be i n t he f orm of l i ght (or t he 
absence of light ) as in graphical soanning systems ( sub- section 2.1 . 8.). 
In t h is case t he patten1 s i gnal convert er ' B' becor:Jes a l i ght sens itive 
diode i{hi ch produce s electrical s ignal s f or t he s olenoid dri vers ' C'. 
(c ) The graphica l presentati on may b displ ayed on a t el evi s ion 
s creen ",hich provides the input signals ' A'. The pat tern signal converter 
' B' i·;ould t hen read t he 625 or 405 t r ansmi ssion lines from t he displ ay to 
opera te t he solenoid driver s ' C' or be used in conjnnction \·ri t h example 
(a ) fo r pre-progra~ning a c onput er . 
The t hree exanpl es above are not th0 onl y me t hods of stor i ng 
pattern informa tion ; t hey have been l is t ed her e me::-el y t o empha s ize t he 
versat ili t y cif t he pa t t e rn contr ol I:lethods fo r t he locked- loop sculpturing 
sys t em described i n chapte r 4. 
5. 2. Electr oni c Requi r ement s 
~De commerc i all y ob t a i ned s ol enoids used in t he research apparat u s 
necessi tat ed a speci ally des i gned dr i ving circui t rated at t he 100 vol t 
pul se load and 24 volt holding l oad . Therefore i n order t o demons trate t hat 
t he sculpturing s;ys tem \'las capabl e of produc ing patterned fabric a t hi gh 
speed t he solenoid driving circui tr~ had t o be devel oped in rel ation to a 
synchronizing pul se s i gnal phased Hith the s t itchin.;' cycle . This Has ach-
i eved , as descri bed i n sub- sections 5. 4. 2. and 5. 4. 3., to.s-e tner i{ith a special 
purpose pOHer supply sys t em ( sub- sec tion 5. 4. 4. ) . Th.us the e l ectronic r e-
quir ements of t he re s earch r i g He r e satisfied since 8.11 the other cont r ol 
func t ions necessary for the operat i on of such a sys tem had a l ready been 
devel oped co~mercially . 
5. 3. Research Rig Requi remen~ 
As previousl y mentioned ( section 5.1.) t he pattern input device may 
be de r i ved from any means that provides a near instantaneous array of el ec-
tri ca l s i gnal s . Fi nancial resources excluded t he use of a digi t al cowpute r 
or a commer c i al l y availabl e graphica l scanning sys t em (e . g . Singer remote 
pat t e rn drum) because of the anc illary equi pment reg,ui red to p::-epe.re t he 
pat t e rn drum. Therefore it Has decided t o design and build a pat t ern i n-
fo rmation s torage and r etrieval sys t em spec ial ly f or t he research r i g vrithin 
the fol l owing te rms of reference :-
.(a ) Compa ratively simpl e and cheap t o manuf acture , 
(b ) Simpl e pat tern preparat ion means , 
and (c) Rapid pa t tern changing. 
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These cri t eria only exist on current patterning systems to a lir:rited ex-
t ent , and t herefore any improvements could vle l l benefit patterning on other 
proc esses as well as t he locked- loop process . 
5.4. Electron i c Circu i t s 
5. 4.1. Pattern Read Si.gna1 
In order t o provide a direc t pattern reading system i t W2vS decided 
t o u se a me t h od of graphic a l s ca nning. Exi sting c OElT!lercial sys tems inc or-
porate a t ransparent drum \'Ii th a light source Dounted internally and light 
sensor ext ernal ly . Thi s means t'nat , \-Then changing the patte~ , the drum 
must be phys i c a l ly removed and replaced Hi t h ano t her s pecially prepared 
drun. 1 7 , 18 . This lmdesi rabl e f eature Has removed on the research apIJar-
atus by u s i ng the refl e c tion of light from a polished metal drum surfac e 
and the r efore , by i n terrupting t he reflec t ion \-li th a painted t ranspar ent 
f ilm, a pattern may be read . Fi g . 5. 2. shoHS the complete patte rn reading 
head used on t he research rig (the unit i s invert ed "'hen i nstalled) . 
Items 1 are commerc iall y obtainabl e light emi tting and light sensitive 
d i ode uni t s Hi th a predetermi ne d focal range band Hhi ch operate ,vi th infra-
r ed l ight out of the v i sible spect~u , t hereby minimising the e ffe c ts of 
chal1..ges in ambi ent l ight . One emi ttor/ sensor Vias required for each solenoid 
together vTi th the small printed circuit components (Fig . 5. 2. item 2) H.1ich 
regul ate the v oltage out puts and square the ,·rave- forns p_oduced . The c ir-
cu i t diagram f or t he pattern read signal system is given in Appendix 11 . 
5.4. 2. Synchronizing ~ul se 
Fig. 5. 3. i l l us t rates t he derivation of t he synchronizing pul se . 
The disc ,vi th t he s lot (1 ) Has driven t12 chanically , ,\>iith a 1 : 1 speed ratio , 
f r om t he c am Dodule drive shaft s . .Pnen the slot in the disc is r otated 
past t he light s ou r ce / sensor uni t (2) a signal is transmitted to three pmver 
transistors (used as a S\'Ji tch ) \lhi ch divert a 1 00 volt pulse for 1 2 ms t o 
the solenoid drivers . The l engt h of the slot in the disc (1 ) provides a 
certain t ime period at ma.xi rnurn stitch ing speed for various capacitors to 
r e charge . The c ircui t diaGram f or t he synchronizing p'lll se ,unit is g i v en in 
Appendix 11 . By adjusting t he phas ing of t he pulse disc Hith the needle 
cy cle , t he sol enoids are f i red at a precise point in the cycl e ; this is a t 
t he beginning of the l ooper d"/ell , i. e . at the select period described in 
sub- sect ion 4.1. 5. 
5. 4. 3. Solenoid Drivers 
The principl e of the sol enoid driver circuit s vias based on t~e fact 
t hat the sol enoids 1.vou l d not operate against the t rigger return spri ng 
( Fig. 4. 1 6 item 22 ) 1L.71der thei r normal c ontinuous rated voltage of 24 volts . 
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Thus , ",hen t he pattern read signals Here received , miniature reed relays 
transmitted 24 volts straight to the sol enoids but the trig~ers did not 
operate until the synchroni zing pulse sHitched on the 1 00 volt firing load . 
\-1hen the pattern r ead signals Here removed , the 24 volt holding l oad on 
the solenoids Has retained until t he next synchronizing pul se de- energi s ed 
the reed relays via a switchi ng transistor. Fig. 5.4. ShOHS t he J:1.ain 
pa t t ern control unit , housino t he sol enoid driving c ircui t s . The front 
cover has been removed to reveal t he printed circuit boards (1) one of 
,"hich i s being hand- held to snow its construction . Each printed circuit 
board has six solenoid driving circuits mounted on it, t he circui t diagram 
being given in Appendix II . The cyc l es of events are illustrated i n graph-
ical form in Fi g . 5. 5. for one solenoid trigger only 1,'ihe re : 
Graph (a) sho\{s t he signals transmitted by the pat tern sensor and 
is dependent upon the pattern painted on t he transparent f ilm; 
Graph (b) ShOHS t he rel ative positions of the synchronizing pul se 
which is common to all solenoid circuits ; 
Graph (c) shaHs t he 1 00 volt firing pulse load; not i ce t hat i t is 
only t ransmi t ted \<Then the pattern sensor (graph a ) i s turned ' on I; 
Graph Cd) ShOHS t he 24 volt load "Thich is appl ied to the solenoids. 
It occurs i mmedi a t el y t he pat tern s ensor is turned ' on ' but i s not renoved 
until a synchronizing pulse i s received l;[i th t he pattern sensor turned I off ' ; 
a.nd Graph (e ) re:presents t he mec~anical movement of the trigger \Thich 
moves i n a...YJ.d ou t at a precise TT.oment vrithin the needl e cycle tiBe . 
5. 4.4. General Appra.isal 
The pattern read and synchronizing c i rc'L1 i t s Here in princi pl e simple 
to develop . Em'Tever , t he solen.oid driving circuits provided several problems . 
Sub- section 5. 4.3. describes the principl es oLthe circui t f unctions but the 
non-
practical solution ,{as hindered by the"availabili ty of certain elec tronic 
components . 'I\TO or three .circui t diagrans Here des i 2,ned using such com-
ponents as s ilicon controlled r ectifiers "Thich are basically sol id state 
l atching relays . 1:111en a pt,lse i s applied to a silicon controlled. rectifier 
, 
it ' makes ' a circuit and holds it '.-The!'! the IJul se is r eJ!1.oved ; a second re-
verse direction pulse in the I!lcdn l ine ' opens ' t'rIe c"ircui t . This s~rsten 
coul d ha,ve pro-yided a. sinpler solution for the sol enoid drivin:; circuits 
but , because ef purchas i ng diffictl tiec- at t hat particul<l r t ::'ne in t he r~-
search proJram.1"!lc , T!Li.niature reed ~~e1 2.ys He ::c used instead . Further COElpli-
cations then arose Hhen synchronizing pul se Vias a::?plied Hith no patt~rn 
read s igi1al because t he reed re l ay opened at this i_st2.nt Hith 1 00 volts 
across t he contacts . T'nis hiE;h vol ta~e caused arcins , vrhic'1 uel ded t he 
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Fig 5.5 REPRESENTATION OF PATTERN CONTROL SEQUENCES 
contacts a..nd therefore the 100 volts remained across the solenoids for 
longe r tha..n t he prescribed time of 12 ms so breaking dO\m t he coil in-
sulation. To avoid this a 2 IilS time del ay 'vras introduced betvreen t he 
synchronizing pulse and the 100 v pulse such that the reed relay contacts 
opened 2 ms before t he 100 v pulse \-Tas applied and no arcing occurred . 
Problems also occurred in stabilizing t he power su~ply circuit fo , the con-
trol system due to varying voltage drops in the 240 v mains supply during 
national emergency measuc::'es appertaining at t he time . The circuit diagram 
that Has eventually developed to overcome these problems is given in Appen-
dix 11. ~I any other difficulties occur::-ed in the deve lopment of a satisfac-
tory el ectronic circ'L1i t but t r.ey are not detailed here. Nention of sone of 
them has been made to justify t he rractical approach to the sys tem Hhich 
consisted of constructing a basic circuit and studying its perforffiffi1ce in 
relation to what was required i. e . the outputs illustrated in Fig. 5. 5. 
Then , by additions to . the basic circuit , a \"rorkable solution evolved and 
this gave rise to the necessity for t :1e :pulse- s '.carpener and mono- stable 
c ircuits also given in Ap:pendix II. Although a successful system vras pro-
duced it Has by no means an optimuITI solution . Therefore it is suggested 
t hat , in any further development of the system, the electronics should be 
re- appraised and redesigned in the light of the experience gained in thi~ 
research . 
5. 5. The Complete System 
The remaining requirement of the pat t ern information storage aI'_d 
retrieval system \"ras a pattern drum drive mechanism and pattern preparation 
equi pment . 
5. 5.1. Pattern DrL~m 
Fig. 5.6. is a side view of the research rig shm'ring the drive to 
the pattern drum . Tne main needle drive shaft drives the pulley (1) mou1ted 
on the l ayshaft (2); this layshaft drives the yarn feed. system (see sub-
section 6. 2. 3. ) , t~e sJTlchronizing pulse disc ( see sub- section 5. 4.2. ) and 
a 40 :1 reduction gear box (3) . The Gear box is connected to the shaft (4) 
via the electro- magnetic , 40 tooth , dog clutch (5) ( see se~tion 7.5. ). The 
shaft (4 ) drive s a spur gear vrhich rota t e s the pattern drum Hith a further 
2:1 speed reduction . Tnerefore t he ancular speed ratio of the :pattern drum 
to the main needle drive shaft Has 80 :1. Tne pattern drun (Fi g . 5. 7. item 1 ) 
consisted of a chromium plated. cylinder \'Iith 40 tooth film drive sprockets 
at each end and , as it rotated at cons t ant s:I:leeo. , t ldO lines of pat tern were 
read per sprocket tooth spacing. 1".'1e dc::'UID '."ras phas ed cycl icaJ.ly 1:ri th the 
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synchronizing pulse disc so t hat the pat tern reading head (Fig. 5 . 1 . item 2) 
r esponded t o t he central region only of a square area on t he pattern filT:! 
and thi s r eooved the necessity for precision Hhen painting t he pattern. onto 
the t ransparent f ilm. The roller (Fig . 5 . 7 . item 3) allO\-Jed fil rrs of various 
l engths to be u sed a s t he pattern repeat l ength in the Harp sti tc. li ng direc-
tion 'Has dependen t on t he fi l m l ength . For research r i g purposes the p2.-ttern 
repea t l ength "ras res t ric t ed t o a r.raximURl of 130 stitches a l t.ho 19h it shoul d 
be observed t hat the addition of jockey pulleys e tc . could facilitate e:dr em-
ely long film leng t h s . 
5 . 5 . 2 . Pattern Prena.ration 
Fig. 5 . 7 . shoHS t he pattern film pu..l1ch lmit (4) . The fil m mat er':"al 
Has 0.13 mm ( 0 . 005 " ) thick acetate shee t and t he wanually- o:perated punch 
uni t punch ed hole s i n t he f ilEl to s ..... ,i t the sprod:e t s on the pattern drun. 
Having punche d t he f ilm t .. le pattern coul d be painted t o suit t he Elatrix pre-
pared on the plmch unit (5) . The f u nction of preparing the pattern film 
was t o interrupt the light refl ection from the pat t ern druEl as requ i red . 
Several mate r ials Here exp?rimented Hith in order to achieve t hi s , e . g . 
i ndi a..Yl ink , ma.t t bla ck pai n t , masking t a:pe , chinagra:ph pencil e tc ., and a ll 
proved succe ssful shm·!ing that t he :r:at tern reading head \'las extremely re-
l iable . Item 6, Fi g . 5 . 7 . is t he filD ~onding and cropping fixtllre . Having 
cu t the film to the required l ength , 2.cetone \'laS used t o bond the fi lEl into 
a. continuous l oop and the fixture ensured t h2.t the sprocket hole pitch \"fas 
maintained . I n section 5 . 3 . c e rtain criteria Here mentioD?d regarding the 
s uitability of a patterning system for the research rig. The sys t er.r deve l -
oped Bet these in t hat simpl e pat t eccn preparation equipment Has used , pattern 
chw..gi ng could be done manual ly i n a matter of seconds and prec ision in 
laying ou t t he pattern vlaS not necessa::::.f . The refore it He.S regarded as a 
successful syst em and particul a rly suitabl e for this research . 
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C H APT lE R '6 
YARN CONTROL 
The looper manipUlation mechanism and the pattern information 
storage system described in chapters 4 and 5 respectively are not, in 
themselves, capable of producing patterned fabrics unless provision for 
appropriate yarn control systems are incorporated. Therefore before 
sculpture-patterned locked-loop fabrics could be produced at speed on the~ 
research apparatus, the problems of yarn feed and tension had to be anal-
ysed and a solution devised. 
6.1. stitching Zone Yarn Tension 
6~1~1~ System fuployed on the Commercial Machine 
The method of controlling the yarn tension on the commercial 
'Locstitch' machine was assessed in order to establish whether adaptations 
of such a system, at present capable of producing only constant pile 
heights, could be incorporated in the research rig for producing sculptured 
fabrics. The sYstem comprises a spring-loaded control bar in the stitching 
zone of the machine operating in COnjunction with a set of constant speed 
yarn feed rolls. It was established in sub-section 4.1.1. that, for the 
correct formation of the locked-loop stitch, the yarn must be pulled 
tightly over the loop forming element at the same time drawing the neces-
sary extra yarn from the supply. Fig. 6.1.(a) illustrates the basic lay-
out of the commercial system for achieving this function. The yarn feed 
rolls (1) supply yarn at a constant rate and as the needles move to their 
full penetration position (Fig. 6.I.b) yarn is demanded at twice the needle 
penetration rate. This is compensated for by moving the spring-loaded bar 
(2), attached to the needle bar (~), in relation to a fixed bar (4) (i.e. 
in principle the 'dancing' roller system used on many textile machines). 
Therefore by presetting the relationship of the fixed bar to the spring-
loaded bar, and adjusting the yarn feed rate accordingly, the spring (5) 
carrying the bar (2) serves to provide a near constant t'ension in the yarn 
throughout the needle cycle. 
In practice, however, it was found that the amount of yarn required 
per stitch varied slightly due to the particular tensions developed in the 
locking loop and over the looper element. Therefore the yarn was slightly 
underfed such that when needle retract~on occurred those stitches formed 
with more yarn were pulled tighter by the bar (2) than, those stitches 
using slightly lesser amounts of yarn, so removing the possibility of 
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accumulative yarn feed effects caused by the inconsistancies in stitch 
formation. This type of system could not be adapted for sculptured 
fabrics because of the difference in yarn quantities required for high 
and low pile heights (i.e. 16 mm to 12 mm per stitch respectively, see 
sub-section 6.2.1.). ~tle 4 mm difference could not be compensated for 
merely by the tension in the locking loop. As a preliminar,y measure, it 
was decided to consider yarn tension control independently from yarn feed 
devices; it was assumed that one would not be affected primarily by the 
other but it was realised that final practical trials might prove their 
interdependency. 
6.1.2. Tension System on the Research Rig 
It was considered undesirable to use the spring-loaded bar for 
yarn tensioning on the research rig for two reasons; fi~t1y, the effects 
of a spring-loaded bar on a small number of yarns would be different than 
the effects when a greater number of yarns are threaded, and secondly, it 
was possible that the stitching speed might be varied periodically for 
observation and measurements etc., and thus the inertia effects of a spring-
loaded bar on the yarn tension could change. Therefore, the systemi11us-
trated in Fig. 6.2.(a) was installed on the research rig as an initial 
trial of yarn tension control. A dancing bar (1) was attached to the re-. 
ciprocating needle bar (2) but without the spring-loaded feature used on 
the commercial machine. The fixed bar (3) was se't in such a manner that, 
as the needle bar (2) moved fon~ard, yarn was provided by the movement'of 
bar (1) in relation to bar· (3), to allow for the appropriate feed ra,te. 
One aspect of the locked-loop stitching cycle was that, as the needles 
. were retracted, .there was excess yarn in the cycle caused ~y the difference 
between the depth of penetration of the needle eye into the base fabric and 
the actual amount of yarn used for the locking or prone loopl. This excess 
yarn could be conveniently removed by the movement of bar (1) in relation 
to bar (3) on the return strpke of the needle bar (2), draU'ing some yarn 
from the supply at the same time. The array of bars (4) provided a 
friction system through whioh the yarn was threaded~ .. It was found by ex-
perimentation that a yarn tension of between 10 to 20 gf was required at 
point 'A' in the yarn at certain stages in the oycle for the proper form-
ation of the locked-loop stitch. However, it was desirable that the yarn . 
tension at point 'B' in the yarn should be zero for yarn feed· pUrposes 
(see section 6.2.). This method of zig-zagging yarns through an array of 
bars is not uncommon in single yarn textile machines as a means of control-
ling tension. In this particular application of multi-yarn ends, it was 
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found to function reasonably well but the initial threading of the yarns 
was cumbersome and the yarn tension produced at the needles could not be 
varied appreciably without the addition of extra bars; this made yarn, 
threading even more difficult in the confined space available. 
}~thematical1y the system may be represented by; 
"Le TA = TB. e ..... 
where ~=' the coefficient of friction between the yarn and the steel 
bars (which was found experimentally to be approximately 0.18) 
and Le = the sum of the angles of wrap. 
Therefore with say 5 bars having a total angle of wrap of 5 Tt radians, and 
TA required to be 20gf, TB would be 1.18gf which is too high for a near 
slack yarn input. .An alternative system, using a cymbal or disc type 
arrangement in series, was also tested as shown in Fig. 6.2 (b) and ~ound 
to be more satisfactory. ~yo disc banks were used, each with 30 yarn ends 
and a spring and screw adjustment (5) at each end. This system proved to 
be reliable and gave adequate variation of yarn tension. 
}1athematically this system may be represented by: 
TB = TC + 2·11.Pn 
where II = the coefficient of friction between the yarn and the disc . 
material; 
and P n = the pressure normaJ. . tb the axis of the yarn36• 
Here it may be seen that TC can be at zero tension and TB can be at 
20gf maintained purely by the 211Pn term. The dancing bar (1) and fixed 
bar (3) were still required with this system for tension 'let-offt when 
the needles move through the base fabric and for excess yarn removal on 
needle retraction as previously described. 
6.1.3. Looper Control 
One design ~eature of the looper manipulation mechanism remained 
unresolved. The leaf spring arrangement (item 16 Fig. 4.16) for moving 
the looper into the base fabric under the control of the nodding bar 
(item 1) was removed with the intention of ,us.ing the forces exerted by 
the loop yarn alone to pull the loopers into the base fabric. The object 
was to remove the combined yarn and spring forces on the nodding bar as 
previously discussed in sub-section 4.5.2. This would mean that, as the 
looper is pulled towards the base fabric by the loop formed, the yarn 
would slide, under tension, over the looper end. It was decided, in ~b­
section 4.5.4., to accept this compromise and attempt to minimise the 
sliding effects of the yarn over the looper by cyclic control of the yarn 
tension. However, experimentation with yarn tensions on 60 yarn ends 
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indicated that this method of looper control was unreliable due to 
differences in individual sliding effects in the looper guide slots. 
Therefore another method of moving the loopers into the base fabric was 
devised such that only the yarn exerted an upward force on the nodding 
bar while the spring action on the individual loopers tended to exert a 
downward force. The modification is illustrated in Fig. 6.3. The springs 
(1) were attached to the nodding bar (2) and therefore only exerted a 
force on it when the latch (3) was engaged, arresting the movement of the 
rocking segment (4). This force on the nodding bar was, to some extent, 
balanced by the force exerted on the looper (6) by the yarn loop (5). 
This proved to be a satisfactor,y solution to the problem, requiring less 
yarn tension in the stitching zone and resulted in a better consistency 
of pile heights and a more reliable stitching process. 
6.2. Yarn Feed 
6.2.1. The Problem 
In sub-section 6.1.1. it was stated that in practice the yarn 
consumption varied from stitch to stitch. Therefore it was considered 
necessar,y to measure yarn consumption rates on the research rig in order 
to analyse the yarn feed problem. The rig was initially set to produce 
two pile heights at 14 stitches per inch, this stitching pitch being 
maintained throughout the experimentation and for calculation purposes, 
in order to remove one of the variables in the process, although the yarn 
feed system finally developed needs to be capable of supplying yarn for 
all the stitching pitches available. At 3.05mm pile height the yarn con-
sumed averaged l2mm per stitch, and at 5.59mm pile height the yarn consumed 
averaged l6mm per stitch. It was interesting to note that the variation 
in yarn consumed measured: O.7mm per stitch'irrespective of the pile 
height setting. This suggested that t~ere was a lack of consistency in 
the quantit,y of yarn used for the locking loop rather than in the pile 
loop. Further investigation'of this would be required in order to estab-
lish commercial yarn consumption rates if the positive ~rn feed system 
at present used on the • Locstitch, machine was not to be employed. Sach 
measurements were thought to be irrelevant to this research and it was 
sufficient to note that the quantit,y of yarn consumed by the locked-loop 
process varied per stitch. The sculpturing effects were then superimposed 
onto this variation resulting in a total possible variation in yarn con-
sumption per stitch of 11.3mm to l6.7mm at 14 stitches per inch. The 
sculpturing mechanism and pattern information system described in chapters 
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4 and 5 \fere capable of producing unlimited pattern repeat lengths in 
both warp and weft directions. Therefore the yarn feed problem resolved 
into providing a system of supplying yarn to the needles such that a 
random consumption rate of between 11.;mm and 16.1mm per stitch could 
ensue at a stitching pitch setting of 14 stitches per inch. 
6.2.2. Possible Solutions 
A possible basis for the yarn feed system could be to positively 
feed yarn into a mini-storage zone and allow the needles to draw yarn 
negatively from the store whilst monitoring the amount of each yarn in 
the zone and replenishing the storage as required. There are several 
feasible methods of achieving such a self-monitoring positive yarn feed 
system, two of which are discussed briefly below: 
(i) Consider Fig. 6.4 (a) which illustrates a self-monitoring 
yarn feed system based on fluidic circuitry. The yarn (1) wraps over a 
friction roller (2) rotating at constant speed such that the TO = TC eJ.l.8 
relationship is sufficient to pull the yarn off the supply packages at a 
rate faster than the maximum consumed by the needles. Slack yarn (3) is 
then produced, but controlled by a light pivoted lever (4). When a cert-
ain quantity of yarn has been fed the lever (4) operates the fluidic 
switch (5) which signals the logic unit (6) and blows a simple air plun-
ger (1) to trap the yarn. Thus TO increases, the yarn slips on the roller 
(2) and the feeding stops. The stored yarn, being consumed by further 
stitching, causes the lever (4) to rise until the second fluidic switch 
(a) is contacted, which, via the logic unit (6), removes the yarn-trap 
air plunger (1) and allows the yarn feed to resume. Thus the cycle of 
events continues and self monitors the feed/consumption rate of each in-
dividual needle. 
~ 
(ii) Fig. 6.4 (b) illustrates a possible self-monitoring yarn feed 
system based on the Singer-Cobble 'Universal Patterning Attachment,29. 
The system consists of a pair of yarn feed rolls (1 and 2) between which 
the end.s of pile yarn (3) are threaded. The rolls are- banded along their 
length with alternating rings of friction surface and sm90th surface 
materials. They are driven such that the lower roll rotates at twice the 
speed of the upper roll and the bands of contrasting surface are 80 loc-
ated that the rough surface bands on one roll coincide with the smooth 
surface bands on the second roll and vice-versa. Located just after the 
rolls are spring wires (4) which deflect if the yarn tension increases. 
The yarn takes a zig-zag path through the guides (5), the rolls, around 
the spring wires (4) and then through the second ,guides (6). Ya!:'Il is 
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normally fed on a friction band of roller (1) which supplies a quantit,r 
of yarn slightly less than the minimum amount consumed per stitch. Thus 
the tension TC gradually increases and deflects the wire (4) transversly, 
and the yarn moves with the wires and contacts an adjacent friction sur-
face on roller (2). This feeds the yarn at twice its normal speed and 
relaxes the tension TC ,so causing the wire (4) to divert the Yarn back 
onto the friction band of roller (1) as stitching continues. 
Both of the above systems could, in principle, solve the yarn 
feed tproblems for the scuiptured locke,d-Ioop stitch, but the mechanism 
evolved for sculpturing by looper manipulation is already relativelycom-
plex and it was thought undesirable to add to the complexity of the total 
process by including a self-monitoring yarn feed. Therefore it was decided 
to develop a random yarn feed system without monitoring each individual 
yarn by a separate mechanism. 
6.2.3. A System for the Research Rig 
The mechanism developed for yarn-feed on the research rig removed 
the intricacies inherent in the self-monitoring systems described in sub-
section 6.2.2. The principle was basically to create the same quantity 
of slack yarn at each needle cycle so that, if a high loop pile was pro-
duced more of this slack yarn would be used than with a low loop pile; 
because the same quantity of slack yarn was then regenerated at the next 
needle cycle no surplus accunrulation of yarn should occur. Fig. 6.5. 
illustrates the main features of the system; the sheet of yarns (1) from 
the creel pass under a fixed bar (2) and then over the roller (3). The 
roller (3) is covered with a friction material (rubber) and driven at a 
constant angular velocity. The dancing bar (4) is driven by a bell crank 
(1) and eccentric (8) which rotates at the same speed as the needle drive 
shaft. The sheet of yarns then pass through the disc type yarn tension 
device (6) and the double bar tension compensator (9) (as described in 
sub-section 6.1.2) to the needle bar. The system is provided with several 
variable setting features to cope with different yarn types, cone-winding 
tensions, seam stitohing pitches etc., and these include~-
(i) The speed of the roller (3), adjusted by driving the shaft 
(5) from a variable-speed drive unit; 
(ii) The stroke of the danding bar (4), varied by a slotted 
arrangement in the bell crank driver; 
(iii) The timing of the dancing bar (4), varied in relation to 
the cyclic position of the needles to give a 'pull-back' 
of yarn at a discrete position in the stitching cycle. 
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and (iv) ThG fixed bar (2), arranged to be preset to vary the angle 
of wrap of the yarn sheet around the roller (3). 
Other changes in the system could be incorporated in order to 
modify the performance. The frictional characteristics of the roller (3) 
could be varied by using other surface materials. The bell crank does not 
necessarily have to pivot about the shaft (5) and thus the velocity of the 
dancing bar (4) in relation to the peripheral velocity of roller (3) could 
be changed. Perhaps the most significant variation would be to use a cam 
drive on the bell crank instead of an eccentric. This would make available 
ver,y precise control of the cyclic feed and tension changes required for 
a particular application. 
The mechanism operates such that, when the yarn tension at point 
'c' in the system is zero then no yarn feed occurs because TO = TC ell-a ~ O. 
As the dancing bar (4) moves downwards so the yarn tension TC begins to 
increase until TO = TC ell-a = 1 to 3 'gt' (i.e. the measured tension to pull 
the Yarn off a cone). At this stage the yarn grips the friction roller (3) 
the rotation of which drives the yarn off the cones. This movement of yarn 
has the effect of reducing the yarn tension TC until TO == TC ell-a = 0 
again and the yarn feed ceases. When the bar (4) is then raised slack yarn 
is created and the needle stitching action may use as much of this slack 
yarn as it requires for that particular stitch. Thus, when the bar (4) 
again moves downwards some yarns will receive a TC tension value and 
commence feeding before the others but the effect produces the same quan-
tity of slack yarn irrespective of the amount consumed per stitch. It may 
be observed from the relationship TO = Tc ell-a that Tc sh~uld be a rel-
atively small value compared to TO and therefore the disc type tension 
device (6) can be preset to give a substanti~ly constant yarn tension TB 
to the needles with little effect from TC (TB = TC + 21l-Pn where TC-O). 
The importance of the dancing bar (4) may ,not s~em'obvious because, as the 
needles move towaXds the base fabric, yarn is demanded which would cause 
an increase in TA TB and TC and the yarn would automatically feed over 
the rotating roller (3) without the bar (4). However, .the time when the 
needles are demanding yarn is when the yarn passes tp,rough the base fabric, 
the needle eye, out of the base fabric and over the loopers. In order to 
allow the yarn to slide easily bY the flank of the needle and through the 
eye at this stage, TA must be zero. This is achieved by the movement of 
the fixed bar compensator (9) previously described, but if TC were to reach 
any value at this point in the cycle TA would not be zero. Thus the 
dancing bar (4) ensured that yarn was fed over the roller (3) at some 
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other point in the cycle when yarn is not demanded by the needles. It 
was initially summized that a suitable point in the needle cycle for app-
lying a tension TC ,and thus feed yarn, was as the needle reached full 
penetration depth. At this point no yarn is demanded from the supply and 
an increase in TA may assist the spring returned loopers (item 6 Fig. 6.,) 
to reach their pile height setting, relieving the work.done by the springs 
(Item 1 Fig. 6.,) especially when low pile 'heights are selected. In 
practice this was found to be necessar,r and in fact TA needed to be in-
creased in the form of a pulse tension at this point because of the drag 
from the base fabric which affected the tension control on the looper. It 
may now be seen that the yarn tension and feed requirements for the locked-
loop process are directly interdependent, but the yarn tension requires 
cyclic control with the slack generator yarn feed system. Therefore the 
cyolic yarn tension requirements were assessed and are illustrated in 
relation to the needle cyole in Fig. 6.6. Between points 15 to 5 TA 
should be at zero, achieved by. the fixed bar compensator system on the 
needle bar and between points 8 to 14 TA should be at a nominal value of 
5 to 10 gf achieved by the diso type tension device. ~ne increased tension 
between points 10 and 12 is not really required but, as excess yarn is re-
moved from the cycle by the retracting fixed bar compensator, the tension 
may rise slightly at this point. The pulse of 20 gf be~ieen points 6 and 
8 would be required for the looper yarn tension previously discussed and 
to achieve this the motion of the dancing bar (item 4 Fig. 6.5) was studied 
in more detail. On the research rig the bell crank \·ras driven by an 
eccentric and thus the dancing bar had a sinusoidal velocity function. At 
the beginning of the downward stroke the barts velooity was matched approx-
imately with the peripheral velocity of the roller (item, Fig. 6.5) 
creating the relationship TD' = TC e ll6 = 1'- , gf, as before, but, as 
the velocity increased, at mid-stroke of the bar, it began to move faster 
than the peripheral velocity of the roller. This oaused the yarn to slip 
over the roller in advanoe of rotation, changing the relationship to 
TC = TO e1l6 • The values were 6 = 2000 , TO = 1.- , £ff, and Il = 0.51 
(found experimentally for yarn on rubber), which gave TC a value of 
approximately 15 gf momentarily until the velooi ty of the bar decreased 
. 6 
and the equation reverted back to TO = TC ell = 1 - , gf. The 15 gf 
pulse tension in TC ,created the 20 gf tension in TB , from the 
Ta = TC + 2 Il Pn relationsID:p of the disc tensioner. 
6.2.4. Performanoe of the Chosen Yarn Feed System 
On most fabric-producing textile machiner.y the 'quality of fabric 
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depends upon the accuxacy of yarn feed and tension control. The mechanism 
described in sub-section 6.2.3. was therefore assessed by the quality of 
locked-loop fabric produced on the research rig. The pile heights, both 
high and low, were consistantno matter 'ihat stitching speed was used 
(from 1· to 750 stitches per minute) and uniformity of the locking loops 
was also observed. The yarn used on the research rig required 1 - 3 gf 
tension to draw it off the cones. However, a few of the 120 cones used 
had occasionaJ. 'tight' spots in them, so requiring up to 10 g£ (TO) yarn 
pull; if these tight spots happened to occur at the stage in the yarn feed 
cycle when TC = TO eJ-L8, then TB rOBe to about 60 gf which caused either 
distortion of a stitch or yarn breakage. This was considered an undesil.'-
able feature of the yarn feed device but it was thought that the quality 
of yarn and cone winding was suspect. In sub-section ·6.2.3. a graphical 
assessment was made of the cyclic yarn tension requirements and therefore 
comparitive measurements were made of the actual yarn tension produced with. 
the yarn feed system. Because of the difficulty in applying the Rothschild 
te~siometer head close to the stitching zone, it was applied between the 
tension discs and· the fixed bar compensator shown in Fig. 6.5, i.e. for a 
measurement of TB • Fig. 9.7 shows the recorder outputs for several 
needle cycles and it is seen that the general sr~pa of the curves for val.'-
ious stitching speeds and pile height settings compare favourably with ttUlt 
assessed mathematically and illustrated in Fig. 6.6. However, at the high 
pile-height settings, Figs. 6.7 (b) ~~d (d), the peak tensions in TB were 
greater than at low pile-height settings (a) and (c). T'nis "TaS caused by 
the increased amount of yarn overfeeding the friction roller, i.e. the 
peripheral speed of the friction roller (item 3 Fig. 6.5)" was matched to 
the bar (4) at low pile-height settings and" because the bar (4) was driven 
from an eccentric (8) the velocity matching could not be accurate for both 
yarn demands. This, of course, could be overcome by using a cam instead· 
of an eccentric, as mentioned previously (sub-section 6.2.3). The high 
frequency disturbance at the peak tensions of Fig. 6.7 (b) may also be 
caused by excess yarn overfeeding but it was thought that the main reason 
was variations in the friction chaxacteristics as surface fibres protruding 
. from the yarn slip over the rubbel.'-Coated feed roller. Naturally this was 
not observed at high stitching speeds, Fig. 6.7. (d) because of· the fre-
quency resolution of the recording equipment used. The tension assessment 
(Fig, 6.6) shows that TA should be zero for part of the needle cycle. 
HOl<[ever, this did not occur and the lm-l9st tension at all speeds and pile 
height settings was 5 gf. This may have occurred because the measurements 
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recorded were of tension TB rather than TA for practical reasons and 
while, visually, TA appeared to have a slack period (~A = 0) this was 
not recorded by the Rothschild head' further away from the stitching zone, 
which was measuring TB. The installation of the yarn-feed device 
completed the research apparatus such that sculpture patterned locked-
loop fabric could be produced at high speed. 
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CHAPTER 7 
FURTHErt. SCULPTURING SYSTENS 
The locked-loop sculpturing apparatus (chapter 4) produced.a 
fabric to specification I (sub-section 2.2.4.) i.e. high loop heights and 
low loop heights. It is now necessary that other sculpturing mechanisms 
be discussed in order that fabrics to specification 11 may be provided for. 
This chapter considers these alternatives, together with adaptations that 
may be incorporated into the basic locked-loop process and sculpturing· 
system in order to provide as wide a range of patterned fabrics as possible. 
7.1. A T'nree Pile Height System 
It ~~·s ~tiited in sub-section 2.2.,. that a. mechanism that could 
provide maximum, minimum and zero loop pile heights in-process would be 
the ideal sculpturing system for the locked-loop process. However, a more 
detailed analysis must now be considered to show the difficulties involved 
in providing such a system. The main difficulty would be to provide a 
looping element, with a single selection device, that in two modes of op-
eration picks up the yarn loop while, in a third mode, purposely misses 
the yarn. 
7.1.1. Hooked Loopers 
Consider Fig. 7.1 (a) which represents three discrete positions 'of 
a hooked looper working similarly to those used on the first powered'rigl 
(see sub-section ,.1.2.). At position 'A' the looper could be arrested to 
maintain that position instead of moving down into the stitching zone to 
pick up the yarn, thus no pile loop would be formed. If the looper.is not· 
arrested it would move to position 'B' and shog to pick up the yarn and at 
the same time another selection could be made. Dependent upon,this second 
selection the looper would then move either to position 'C' clear of the 
stitching zone to form a low pile loop, or back to position 'A' to form a 
high pile loop. . A second shog of the looper must then be provided to en-
sure that all pile loops are positively dropped off the hooks to allow 
those loopers arrested at position 'c' to retract· to the reset position 'A' 
before commencement of the next cycle. The function of the selection de-
vice at position 'A' would be to restrain a downward motion of the looper, 
while at position 'C' it would be to restrain an upward motion. Therefore 
a positive bidirectional latching system would be required rather than the 
undirectional system employed in sub-section 4.,.,. This 'would present no 
real mechanical problem but the physical size of the looper hook and its 
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interaction with the yarn would re-introduce the disadvantages already 
described in sub-section 4.1.2. Consider also one hooked looper shog-
ging to pick up a yarn in position 'B' whilst an adjacent looper is re-
tained in position 'A'; the shogging motion at 'B' would interfere with-
the adjacent unde£1ected yarn. For this reason, and the fact that it 
would be extremely difficult to gain access to the needles for threading, 
it was concluded that this three pile height sculpturing method with hook-
ed loopers was not practical. 
7.1.2. Reed TYpe Loopers 
Consider Fig. 7.1 (b) which represents a reed type looper with a 
similar motion to that discussed in sub-section 4.1.5. Positions 'X' and 
'Y' would operate in much the same vTay as on the present research appara-
tus forming high and low pile heights respectively. In order to miss the 
loop and produce zero pile height the looper must move from 'X' to 'Z' 
whilst an adjacent looper maybe selected to move from 'X' to 'Y'. A 
looper in position 'Y' must return to position 'X' via position 'Z' in 
order to cast-off low pile height loops. Thus the selections to be made 
are, 'X' maintained or 'X' to 'ye to 'Z' to 'X', or':'X' to 'z' to 'X' pro-
ducing high, low and zero pile heights respectively. The writer was un-
able to devise a mechanism with only one electra-magnetic selector that 
would not only select positions. but also select orbits. It could be 
achieved with two electro-magnetic latching devices by de-commonising the 
looper secondary motion existent on the research apparatus. However, the 
complexi ty of the resultant mechanism would be such that it could not be 
utilized at the existing seam pitches and would be very impractical. 
7.1.;. Adaptation of Developed Mechanism 
It may be concluded from sub-sections 7.1.1 and 2 that the pro-
duction of locked-loop sculptured pile fabric with maximum, minimum and 
zero pile heights does not appear to be a feasible proposition. However, 
a three pile height system can be produced quite simply by adapting the 
existing research apparatus to produce maxiIIIUI:l, medium and minimum pile 
heights. The present pile height differential of 5 mm (0.2") maximum, to 
1.8 mm (0.07") mtnimum may not tolerate an intermediate pile height of, 
B~, ;.; Irlll (0.1;") and, still produce a visually discernable sculptured 
pattern. This problem, caused by the stitching density in warp and weft 
directions, was discussed with examples in sub-section 2.2.;. However, 
research into the stitching zone clearances revealed in sub-section 
4.5.;. that proper use of needle/looper-interactions would produce, 
without modifications to the basic process, maximum pile heights of 7.6 
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mm (0.3"). This situation provides possibilities for a sculptured 
fabric with 7.6 mm (0.3") maximum. 4.6 mm (0.18") medium and 1.8 mm 
(0.07") minimum pile heights (see Fig. 4.27), differences which are 
likely to be clearly visible in the finished fabric. The previously 
mentioned simple adaptation of the existing research rig (see Fig. 4.16) 
would involve the use of a d,ifferent looper primary motion cam and, as 
Fig. 7.2 shows, a modified catchment area on the rocking segment (1). 
This rocking segment ",ould incorporate t\'lO latching points forming a 
double-toothed ratchet (2,6). The nodding bar (3) moves down and dwells 
in the reset or select position in the normal manner holding the looper 
end (4) at the increased position of 7.6 mm (0.3") indicated. At this 
point the trigger (5) might be fired into the first of the two catches 
(6) such that as the nodding bar is raised the looper is maintained in 
this highest pile position. The raising motion of the nodding bar (3) 
then goes through a second dwell position and, if the trigger had not been 
fired at the first dwell, it could be fired at this second dwell stage 
into the second of the two catches (2) and thus hold the looper at the 
medium pile position of 4.6 mm (0.18"). If the trigger is not fired at 
either of the two dwell stages, further raising of the nodding bar allows 
the looper to move to the minimum pile height of 1.8 mm (0.07"). Fig. 
7.3 (a) shows the existing primary looper cam displacement curve pre-
viously illustrated in Pig. 4.21 which may now be compared with Fig. 
7.3 (b) showing the cam displacement curve required for the double-dwell 
motion of a sculptured three pile-height system. Notice that the time 
period allm-led for firing the solenoid triggers \'lill now be greatly re-
duced; in fact, in3tead of 35 ms it would be 15 ms in either of the dwell 
positions at maximum stitching speed of 750 stitches/min. This means 
that consideration must be given to the solenoid response time which was 
measured as 20 ms on the existing research apparatus. This response time, 
measured from initial application of voltage to final movement of the 
trigger, (see sub-section 4.3.5.) may be divided into two components: the 
time for magnetic flux growth in the solenoid coil, and the time for actual 
mechanical motion; these have not been independently quantified. However, 
the magnetic flux growth is dependent upon the time constant for current 
growth which has already been boosted with tbe 100 volt pulse and there-
fore any improvements would require the development of a more efficient 
solenoid for this particular application, e.g. reduced magnetic flux 
losses etc. Considering the mechanical motion, the acceleration of the 
trigger for a given force is inversely proportional to the mass of the 
trigger and therefore the response time could be reduced by reducing the 
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mass. Furthermore, the time taken is proportional to the square root of 
the distance travelled by the trigger for a given acceleration rate. In 
sub-section 4.3.5. the distance travelled by the trigger was set at 1 mm • 
(0.04011), this was divided into 0.62 mm (0.025") catchment length and 
0.38 mm (0.015t!) clearance when the solenoid was de-energized. However, 
0.62 mm (0.025") proved to be a more than adequate length of engagement 
even with individually hand-made components; 0.25 mm (0.010") ought to be 
a sufficient amount of trigger engagement and this could be maintained 
with appropriate production methods. B,y .the same argument, the amount of 
clearance could be reduced to 0.12 mm (0.005t!) when the trigger is in the 
de-energized position. With the total displacement reduced by 62% and 
assuming that the effective mass of the trigger can be reduced b,y 10% the 
resul tant theoretical reduction in mechanical response time would be 26%. 
Therefore in order to obtain a latching time of 15 ms or less the system 
must be made mechanically dependent only by removing the electro-magnetic 
and pattern reading delays. This may be done by applying the synchroni-
zing pulses slightly in advance of the position when actual mechanical 
movement is required. The amount of advance synchronization required 
will depend upon the machine stitching speed at any instant and thus the 
synchronizing pulse initiator should be mounted on a speed-sensitive auto-
matic advancing unit. 8'.lch a unit is envisaged to be a centrifugal device 
similar in principle to that commonly used f~r distributing voltage in a 
motor car ignition system, P~ving obtained a satisfactory response time' 
of the trigger for the three pile height system the pattern information 
storage and retrieval system must be considered. Its function must be to 
prov?-de one of three selected signals, a main firing signal, a time de-
layed firing signal. and an off position.. The two firing signals should 
be phased with the cyclic position of the double dwell looper primary cam 
and this could be conveniently achieved by providing two synchronizing 
pulses derived from a common auto-advancing unit. Pattern reading of 
three signals from a single graphical display would require a certain 
amount of development work. However, it is envisaged that the system 
would operate as follows:-
(i) The transparent film is painted to form a pattern with 
black non-reflective areas for low pile heights; grey semi-
reflective areas for medium pile heights; and clear, full 
reflective areas for high pile heights. 
(ii) The circuitry for the light sensitive diodes could be mod-
ified to output Ov, 1.5v, or 3v, depending upon the inten-
sity of light received. 
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(iii) \.Jhen a black area is picked up by the sensors the reed 
relays in the solenoid driving circuits do not energize; 
neither the 24v nor the lOOv pulse are transmitted to'the 
solenoids thereby facilitating low pile heights. 
(iv) When a clear area is picked up by the sensors the reed 
relays i~ediately transmit 24v to the solenoids but 
they do not operate until the first SynChrOniZi~';;itches 
the lOOv firing load. The second synchroni~ing pulse also 
switches another lOOv load which, of course, will have no 
effect because the trigger has already been moved, and there-
fore high pile heights are produced. 
(v) When a grey area is picked up by the sensors the reed relays 
again immediately transmit 24vto the solenoids but also open 
circuits the lOOv pulse line. The first synchronizing pulse 
then re-closes this lOOv pulse line such that the second 
synchronizing pulse is clear to transmit the second lOOv 
pulse to the solenoids in phase with the second latching 
position, and therefore medium pile heights are produced. 
In case (v) above, with the trigger (5) engaged in latching tooth 
(2) (Fig. 7.2), it will be appreciated that as the nodding bar (3) moves 
downwards again to reset all the looping elements, the latching tooth (6) 
will force the trigger (5) out of engagement, Therefore only when medium 
pile height is selected the 24v holding load should be removed from. the 
solenoid when the nodding bar is moving downwards to allow easy escapement 
of the trigger (5) which must then be refired ever,r subsequent cycle if 
the medium pile height setting is maintained. The uncertain asp~ct of 
this suggested system forpatter.n information storage and retrieval is 
that, to obtain three signals from one light sensitive diode, by varying 
the light intensity only, requires very • sensi tive t circuitry making it 
vulnerable to ;my spurious pulses in the system. However, the mechanical 
proposals are sound and, as a last resort, two pattern drums and two 
solenoid driving circuits could be used. One pattern drum would read high 
and minimum pile heights and the second drum would read medium and minimum 
pile heights, which is a similar function to that of commercially available 
systems for creating three pile heights in the tufting processes18• 
Therefore it may be concluded that, with further development work, the 
locked-loop sculpturing system described in chapter 4 may be adapted to 
produce a three pile height sculptured fabric. 
127 
1.2. Back-Robbing 
In sub-section 4.1.3 investigations into sculpturing by the 
system of back-robbing previously formed pile loops was postponed until 
the research rig was at a suitable stage in development for practical 
trials to be carried out. However, having reached this stage in devel-
opment, it was found that the required negative yarn feeding and tension 
control could not be maintained over the sewing width of the rig in order 
to sustain consistently even back-robbing. Furthermore, the yarn tensions 
required were near to the limiting tensile strength of the yarns used, as 
was the case with the manually-operated rig (see sub-section 4.1.3). 
Therefore it may be finally concluded that the locked-loop pile fabric 
process cannot be successfully sculptured by the technique of back-
robbing. 
1.3. Looper Hotion (Specification II) 
Specification II fabrics have been defined in sub-section 2.2.4 
as two pile height sculpture patterned fabrics having pile loops of both 
zero height and any suitable predetermined pile height. In order to 
acheive this, the reed type looping element must either allow a loop to 
be formed in the normal manner, or it must move to such a position that a 
loop fails to be formed. Consider Fig. 7.4 with needles A & B interaoting 
as normal. \~ile needle B moves from position 3 to position 6 the looper 
C may be shogged to pick up the yarn D. ¥.eanwhile, needle A is travelling 
underneath the shogging looper and, when needle A reaches position 8 in 
its orbit, clearance is provided for further motion of looper C. There-
fore needle B partially forms a loop of yarn D around the looper but be-
fore this loop is fully formed the looper drops down to position E and 
dwells there while needle B moves from position 12 to 15 (i.e. to bottom 
dead centre). At approximately needle position lIthe partially formed 
loop will drop off the looper and be pulled down to zero height. As 
needle B then travels from position 15 to position 2 the looper moves 
back from position E to position C, the select or reset position. 
Obviously if the looper is permanently held at position C during a needle 
cycle the pile loop will be formed. Notice also that, as in the case of 
the sculpturing system described in chapter 4, the three elements, 
(needles A,B and looper C) are never simultaneously side by side, thereby 
making maximum use of the clearances available. The task remained to 
design a suitable mechanism to obtain the above needle/looper interactions 
incorporating a trigger system. 
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Fig 7.4 SPECIFICATION II LOOPER MOTIONS 
7.3.1 Complete Mechanism 
The period during which the looper is required to dwell at the 
reset or select position is 35 ms at the maximum machine speed of 750 
stitches/min. This time period is well outside the 20 ms required for 
firing the trigger components previously used (see sub-section 4.3.5). 
Therefore similar triggering components may be used for the specification 
11 mechanism. Fig. 7.5 is a cross-sectional view through one half of the 
researoh rig, showing the proposed meohanism. The loop~r end (1) is again 
paired to produce manipulation of two adjacent seams as described in sub-
section 2.2.4. These paired loopers are mounted on the plate like member 
.(2)(3)(4) of which plate (2) is pivoted at (10) and also oonneoted to 
plate (4) via a flexible member (,) similar to that described in sub-
se~tion 4.,.6. Pivot (10) is supported by the shogging plate (12) and 
this in turn is supported by the flexible struts (9) which are exactly· 
the same as those used in sub-section 4.;.6. The solenoids (8) operate 
the triggers (7) under the action of the retum leaf spring (14) and the 
whole assembly is mounted on a plate (13) which may be manually preset in 
order to obtain different pile heights (when formed). The nodding bar 
(5) reciprooates on the plate (4) and, when pile is required, the trigger 
(7) is fired into the oatohment area (11) holding the looper (1) in po-
sition C (Fig. 7.4) when the nodding bar is subsequently raised. If the 
trigger (7) is not fired, the raising of the nodding bar causes the looper 
plate (2)(;)(4) to. pivot about (10) under the action of the contrOl leaf 
spring (6). Thus the mass of the components to be shogged is again min-
imised by using the flexible members (;) and (9); the nodding bar action 
may be considered as a proven device in view of its performance on spe-
oifioation I type sculpturing. Fig. 7.6 illustrates the system as it ... 
would be installed on either the research rig or a commercial machine. 
Two oams (15) are situated each side of the needle drive module (17) and 
are mounted on the main drive shaft (16). The cams reciprocate the two 
swan necked arms (18) whlch support the nodding bar (5) and are pivoted 
about (19). Either some form of oamfollower spring or oam oonjugation 
would be required but these features are not indicated in Fig. 7.6 for 
olarity reasons. Pattern information storage and retrieval may be iden-
tioal to the systems desoribed in ohapter 5. 
7.;.2 Cam Design 
The looper motion illustrated in Fig. 7.4 involves a dwell period 
from needle positions 2 to 9, a fall from positions 9 to 12, a dwell from 
positions 12 to 15, and a rise from positions 15 to 2:' Therefore, for 
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the oonfiguration shown in Fig. 7.6, the oam disp1aoement ourve (in linear 
form) is illustrated in Fig. 7.7 and, for the most favourable dynamio 
16 . . 
oharaoteristios ,it is suggested that oyo1oidal rise and fall motions 
should be used. 
7.4. In-prooess Shog Canoe11ation 
It would oonsiderab1y inorease the versatility of looked-loop 
pile fabrios if plain borders in the weftwise direotion oou1d be provided. 
This would faoi1itate the produotion of, for example, towels with a uni-
formly zero pile height seotion leading into the main pile area (either 
plain or soulptured) followed by a seoond uniformly zero pile height 
seotion to finish off the produot. yfuen the fabric is subsequently out 
into produot sections, suoh zero pile height edges could be oonvenient1y 
hemmed. In order to aohieve these weftwise strips of zero pile height, 
the operation must be suoh that no yarn is formed over any of the loopers 
in the total weftwise direotion. This could be done on either plain or 
soulptured fabrics by oancellation of the looper shogging motion. Shog-
ging the loopers causes the yarn, extending from the base fabric to the 
needle eyes, to be wrapped around the looper end; b.Y not shogging the 
looper, the yarn would fail to wrap around it ,and the yarn would be pulled 
down to zero pile height. The oritioal consideration for the design of a 
shog cancellation meohanism is that shogging must not only cease at a 
particular stage in the needle cycle but it must also be re-engaged at a 
further particular stage. If for any reason this should not occur in 
practioe, then the loopers may interfere with the needle motion causing 
possible damage to both needles and 100pers, and therefore the meohanism 
must be reasonably fail-safe. Fig. 7.a is an illustration of a proposed 
shog oancel1ation meohanism showing the standard barrel cam (1) mounted 
on the layshaft (2). This 1ayshaft is driven as on the existing com-
mercial maohine by the spur gear (3) and is driven at half the speed of 
the main needle drive shafts (see sub-section 3.3.3). Provision has now 
been made for an eooentric boss (4) on the gear (3); onto this boss is 
secured a bearing (5) which is housed by one end of the connecting rod (6). 
This oonnecting rod is pivoted at (7) to a lever (a) rigidly secured to 
shaft (9). Shaft (9) is free to pivot in the bearings (10) and carries a 
seoond rigidly fixed lever (11) on the other end. ,This lever is provided 
'with an abutment (12) such that the seoond lever (13), free to pivot on 
shaft (9), may be held against the abutment by the spring (14). Therefore 
as the 1ayshaft (2) is driven, the arrangement so far described causes 
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levers (li) and (13) to oscillate in unison. Attached to the main struc-
ture of the machine is a pivot (15) carrying two levers (16) and (11) 
which are free to move independently of each other. These levers are 
pulled together against an abutment (18) by the spring (19) and because 
lever (16) is driven,via link (20a),by the existing barrel cam (1), the 
levers (16) and (11) oscillate irrunison. Connected to lever (11) is the 
looper shogging bar (22) via link (20b) and thus, as the barrel cam rotates 
the bar (22) is shogged to and fro. Lever (13) is provided with a catch-
ment area (23) such that a trigger (24) pivoted at (25) may be operated by 
a solenoid (26) and thereby arrest the lever (1;) in the down position and 
allowing lever (11) to continue oscillating. The displacement curve of 
shogging bar (22) has been illustrated previously in Fig. ;.1 (c) and the 
eccentric boss (4) should be phased with this displacement such that as 
the shogging bar is dwelling at maximum displacement from the barrel cam, 
the lever (13) is allowed to move unrestrioted between the lever (11) and 
a location pad (21). However, if the solenoid is energized the lever (13) 
will stop the motion of lever (11) by arresting the catchment area between 
lever (11) and pad (21) but will allow levers (11) and (16) to continua 
oscillating, thereby cancelling the motion of the shogging bar. If the 
solenoid is not energized lever (13) will move out of the path of lever 
(11) before the end of its dwell period. If the shog is cancelled it 
cannot be restarted even if the solenoid de-energizes out of phase with 
the cycle because catchment (23) will hQ1d the trigger (24) against its 
return spring until lever (11) slightly moves lever (1;) allowing the 
trigger to release. This fail-safe aspeot is duplicated in similar manner 
by the lever (11) clamping the catchment area (23) of lever (13). It may 
be observed that the shog cancellation mechanism described above is'con-
trolled electrically by the action of the solenoid trigger in a similar 
manner to that of the looper element control triggers (sub-section 4.3.3). 
Therefore signalling instructions for shog canoe11ation may be achieved by 
similar equipment to that used for sculpture pattern information storage 
and retrieval as described in chapter 5. 
1.5 In-Process Pattern Stop Device 
An in-process pattern stop/start device was designed and manufac-
tured for the research rig in order to demonstrate certain versatilities 
of the pattern reading system. The drive to the pattern drum was desc~ 
ribed in sub-section 5.5.1 and, referring to the illustration Fig. 5.6, 
an e1ectro-mechanical clutch, item 5, may be observed conneoting the out-
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put shaft of the reduction gear box (3) to the pattern drum drive shaft 
(4). The clutch took the form of a. unidirectional 40 tooth dog clutch 
which may be dis-engaged by energizing the solenoid (6) and re-engaged by 
the return springs (7) when the solenoid is de-energized. Therefore ener-
gizing the solenoid stops the pattern drum rotation and de-energizing the 
solenoid restarts the pattern drum; the 40 tooth undirectional principle 
ensures that the pattern drum can never run out of phase with the stit-
ching cycle (see sub-section 5.5.1). stopping and starting the pattern 
drum has been resolved into an electrical control function and one extra 
source/sensor unit (item 1 Fig. 5.2)}ms provided on the pattern reading 
head to read signals and operate the clutch solenoid. Fig. 5.4 shows 
part of the pattern control panel with a manually operated button (2) to 
stop and start the pattern drum. Also shown are the automatio stop/start 
controls (3) such that the pattern drum oan be preprogrammed to run, then 
stop for a preset number of stitches, and restart. This may be done oon-
tinuously causing a semi-intermittent rotation of the pattern drum where 
the amount of intermittency oan be predetermined by a standard preselect-
able logic counter. On the research rig the system operated as follows:-
(i) The pattern film was painted with an appropriate design in 
the normal manner including black non-reflective dots (con-
trol signals) in line with the extra control source/sensor 
unit. 
(ii) The auto-stitch count selector was preprogrammed to stop the 
drum in accordance with the control signals for a certain 
number of stitches. On the research rig any number of stit-
ches could be programmed, in binary form between 0 and 255. 
(iii) The pattern film was loaded on the pattern drum and run to 
produce the required patterned fabric. 
(iv) When a control signal was picked up a pulse was sent to the 
auto-stitch programmer circuit (see Appendix II) and, in 
order to ensure that the pattern drum stopped in the centre 
of a particular reading band, the circuit did not funotion 
\mdiil a synchronizing pulse was received. The two pulses 
togather switched through an 'AND' gate starting the stitch 
counter and energizing the clutch solenoid. Thus the pattern 
drum stopped on a particular line while stitching commenoed 
forming warpwise elongation of that pattern line. 
(v) The preprogrammed number of stitches was counted by monit-
oring the subsequent synchronizing pulses. 
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(vi) When the count was complete the output signal from the 
programmer de-energized the clutch and started the pattern 
drum rotation. Naturally the control signal dot then moved 
from under the control source/sensor unit which stopped the 
signal to the 'Atin' gate such that the counter reset itself 
ready for subsequent control signals. 
~ne pattern stop device increased the versatility of the pattern 
reading system by providing the effects of pattern elongation, i.e. for 
a particular painted pattern film, the corresponding pattern produced on 
the fabric could be expanded in the warpwise direction •. Fig. 7.9 illus-
trates the fabric effects obtainable with the corresponding pattern films 
used. 
7.6 General Adaptations 
It may be observed from the discussion so far in this chapter that 
there are at least three sculpturing systems to choose from if one is con-
sidering further research or even the possibilities of commercial applic-
ations. These are a specification I system; a ·specification 11 system; 
and a three pile height system. The shog canoellation and pattern stop 
devices could, of course, be additions to any of these sculpturing systems, 
thereby widening the range of possibilities. However, there are several 
other electronic and mechanical adaptations that could be made available 
even with the relatively simple graphical pattern scanning system used on 
the research rig. The details of these other adaptations were not final-
ised in this research programme but there is every justification for men-
tioning some of their functions and versatilities in this section. 
7.6.1 Electronic Adaptations 
(a) Polarity change: If the circuitry of the pattern read sensors 
was to be equipped with a voltage inverter which could be brought into 
operation by control signals painted onto the pattern film, then the rela-
tionship of the reflective and non-reflective areas to the sculptured pile 
produced would be reversed. The pattern could commence with the reflective 
areas producing low pile and the non-reflective areas producing high pile 
but, on receiving a control signal the same pattern would proceed with the 
reflective areas producing high pile and the non-reflective areas producing 
low pile. The advantage of such a facility would give extra scope for 
textile fabric design. 
(b) Auto-scrambler: On the research apparatus one particular 
source/sensor unit controlled a corresponding solenoid trigger. However, 
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an auto-scrambling unit could be installed between the solenoid driving 
circuits and t he solenoids. This may be programmed on a stitch count 
basis in order to change control of the source/sensor units to different 
solenoids. Thus for a given pattern film, the pattern produced on the 
fabric could be, say, automatically mirrored in the weft\dse direction, 
or displaced generally as production progressed. 
(c) Auto-shog cancellation: The pattern stop signal described in 
section 7.5 could be used to signal shog cancellation simultaneously. 
Thus when making borders of zero pile height the pattern film would stop 
and not be wasted while a length of border was being stitched at zero pile 
under the control of a preprograw~ed auto-stitch count selector. 
(d) Auto-pattern reverser: The pattern drum could be driven through 
an electrically controlled mechanically reversing gear box. Electrical 
signals to the gear box would automatically reverse the direction of ro-
tation of the pattern drum. Therefore, geometric pattern repeats in the 
warp direction could be produced with only half the pattern needing to be 
painted on the film. Also the number of reversals could be preset so that 
after a given period the pattern continues to a new geometric array pro-
ducing extremely versatile pattern repeat possibilities. 
7.6.2 Mechanical Adaptations 
(a) Superimposed sta~dard loopers: All the looper m~~pulation 
mechanisms postulated so far for producing sculptured fabrics were designed 
in module form. This means that for, say a 3 metre stitching width machine 
only certain areas of the width need to be provided with a sculpturing 
module, the rest of the i-lid th being made up with either no loopers or 
standard looper banks. Thus on one fabric face there could be possibil-
ities for simultaneously producing areas of specification I and specifica-
tion 11 sculp°turing toge ther with adjacent regions of zero height pile and 
preset standard plain pile heights. 
(b) Looper removal: Loopers could be removed, as desired, from the 
sculpturing mechanisms in order to produce borders or stripes of zero pile 
height in the warp direction. ~ne advantage of the fabrics thereby pro-
duced would be the same as those when shog cancellation is used for weft-
wise .borders (section 7.4). 
(c) Double-sided sculpturing: Because the sculpturing systems de-
signed operate independently from the stitching on the other side of the 
base fabric, the possibilities exist for completely independent double-
sided sculpturing. This includes using different mechanisms on either 
side which mayor may not be controlled by a common pattern drum. 
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7.6.3 Possibilities for Commercial Development 
Having outlined briefly the adaptations of the basic sculpturing 
systems it was thought necessary to discuss some of the wider commercial 
implications. This discussion, in chapter 8, therefore also includes 
references to other pile-fabric processes which might benefit from this 
research. 
ut 
C H APT E R 8 
cmlHERCIAL H1PLICATIONS 
8.1. Commercial Production of the Sculpturing Nechanisms 
The nature of this research was, of necessity, ve~- closely linked 
with the commercial aspects of producing high-speed patterned locked-loop 
fabrics and thus it is important that the information obtained, together 
with the apparatus constructed is of real practical value. Therefore one 
method for assessing the degree of commercial success acp~eved would be to 
consider the convenience of manufacturing and installing the sculpturing 
systems into a commercial Locstitch machine and in consequence the redesign 
that may be necessary. 
8.1.1. Specification I 
The specification I sculpturing mechanism described in chapter 4 
produces fabrics with high ~~d low pile height loops. The cross-sectional 
view and a photograph of the general construction of the mechanism may be 
found in Figs. 4.16 and 4.24 respectively. It may be observed from these 
illustrations that, in order to adapt the apparatus for use on a full 
stitching width machine a considerable amount of redesign and development 
would be necessary. However, there are certain concepts that ID~y be dis-
cussed at this stage. The swan-necked arm (Fig 4.16 item 2) which provides 
the vertical motion of the loopers ;{as connected to the pivot lin..1{ (22) 
via linlc (23). Two such links (23) on the research apparatus were positioned 
externally to the stitching width of the rig, thereby allowing them to pass 
by what would be a continuous member on a full-width machine. Obviously 
this link would have to be removed to allow the looper 4-bar and trigger 
firing mechanisms to have an uninterrupted span across a full-width machine. 
Fig. 8.1 is a perspective sketch of half a typical arrangement which may 
have a continuous stitching width and incorporates the sculpturing mechanism 
for producing specification I fabrics. The major change from the research 
rig design is that the vertical looper motion is derived directly from the 
secondary cam (1) via the link (2) which protrudes through a cored hole, 
sealed for lubrication purposes with a rubber gaiter, in the main ttrough-
shaped' beam carrying the needle drive cam modules. This would mean that 
the looper shogging bar and trigger firing mechanisms could extend to the 
full width of a machine ",hilst still being supported and driven at several 
discrete positions along their length, in the same manner as the needle bar 
is supported on the standard cOID~ercial Locstitch machine. 
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The individual looper 4-bar li~~ages used on the research rig 
consisted of five components (see Fig 4.23), the flexing looper link, the 
front link, the rocking segment link, and two pivot pins. These elements 
were convenient to manufacture in this form with the vlOrkshop equipment 
available. However, mass production of, for example, the bifurcated front 
and rocking segment links would be expensive, as v,ould the riveting on of 
the flexing member in the looper link. Therefore for production purposes 
it would be more desirable for all the links to be flat stampings as illus-
trated in Fig. 8.2. This reduces the number of components to three as the 
pivotal motions would be obtained via 'jig-saw puzzle' joints. The flexing 
part of the looper link would then be achieved by a simple grinding oper-
ation to locally thin out the link in a position where flexing is required. 
This principle would have the added advantage that if loopers, for any 
reason, were damaged in the machin? they could be conveniently replaced by 
prising them out and 'snapping' in new ones over the jig-saw puzzle joints. 
8.1.2. Specification 11 
The mechanism for producing specification II sculptured pile fabrics 
(pile loops and zero height loops) was described in section 7.3. Tnis 
particular mechanism, being considerably simpler than the specification I 
mechanism, has few of the complicati~ns described in sub-section 8.1.1. and 
therefore adaptation of the design. to suit a full se\1ing v,idth machine would 
be more convenient. Fig. 8.3 is a perspective sketch of half a typical 
arrangement which vlOuld allo\-l the specification 11 mechanism ·to have a con-
tinuous looper bar. It may be observed from this illustration that there 
is little difference in design from that shmm in Fig. 7.6 which is a 
research rig design. 
8.1.3. General Design Possibilities 
There are several design concepts that are applicable :· to both the 
Specification I and 11 sculpturing mechanisms that may also be considered 
from the commercial view point. In sub-section 7.1.3 ideas were postulated 
for improving the response time of the solenoid firing triggers. HO\-lever 
these ideas \-Iere based on the use of the commercially obtained solenoids 
which were not perhaps ideal for the application. It would be desirable 
to design a special purpose solenoid for firing the trigeers since large 
quantities would be required for each machine. By designing a special 
solenoid the air-gap losses could be minimised and the general efficiency 
may be up-rated for this particular application. Hm"ever, before such a 
design undertaking there \-Iould need to be considerable research into the 
electro-magnetic characteristics required and into testing of long-term 
144 
Fig. 8.2 LOOPER 4-BAR 
LINKAGE WITH J IG- SAW 
PUZZLE JOINTS 
145 
I 
I 
I 
Fig 8.3 SPECIFICATION n FULL WIDTH 
MECHANISM 
146 
reliability. Nevertheless the prospect of making the trigger and solenoid 
core an integxal component as illustrated in Fig. 8.4 seems, even at this 
stage, worth pursuing. The curved \<!indings would remove the necessity of-
a slotted end in the trigger whilst the rectangular cross-section. of the 
windings would help to ease problems of staggering arrangements (see sub-
section 4.3.5) i.e. the factor governing the physical size and weight of 
the triggers. Thus the triggers become relatively simple stamped com-
ponents. 
Other changes in the design of the mechanisms for use on a commer-
cial machine would include the use of casting instead of fabrications, 
better bearing arrangements arid generally more suitable materials etc. 
8.2. Fabric Specifications Available 
An' i~portant aspect when assessing the commercial viability of a 
textile process is to consider the range of fabrics t hat the process is 
capable of producing. In the case of sculptured locked-loop pile fabrics 
the following fabric specifications form the limit of the developed process. 
(i) The pattern on the fabric surface may be independent 
on either side of the fabric but it w~st be created 
by either high loops a...'1d lOH loops (specification I) 
or loops a...'1d zero height loops (specification II). 
(ii) Tne pattern on the fabric may consist of combinations 
of specification I and 11 but only as discrete areas 
across the stitching width (see sub-section 7.6.2). 
(iii) Tne pile loops may have a preset maximum height of 
7.6 mm (0.3", see sub-section 4.5.3) and a preset 
minimum height of 1.8 mm (0.07") but may be infinitely 
variable bet'veen this range. 
Apart from the above limitations there are no further constraints 
governing the range of patterned fabrics that may be produced because the 
selection system developed provides a full jacquard pattern in the complete 
,,,arp and weft directions. 
8.2.1. Colour Patterns 
In sub-section 2.2.1 the possible techniques for producing colour 
patterned locked-loop fabrics were discussed and it was concluded that the 
process did not readily lend itself to such techniques . However, this re-
search has revealed the possibilities of producing pile heights of 7.6 mm 
(0.3") together vlith zero pile heights. Therefore, using an improvised 
hand-assisted version of the specification I mechanism, alre~y installed 
147 
n n n n nn [11 
"' 
-~ ~ 
\ 
}= I I~'!I I I, == III :=- 1 I ~1111 [!Inrl: ! !~ !: :: 11) :1 'I ,.,1 11 ' II! i.=. 11 - tI 
.:: 'I 
I-.:: rI i =- ! ' -= II = : 1-= I 
- '1- 1,1 - ,- , 1- 1  ~m ,;![ I'i i ' : lnl 'l l'ij~ ! :1 1~li ' 11 I "~ I 1'101 , ' ,I, " I, , 
1 , ! ;i , -: ',i : ,:. I" i'l 'il l j I = I I-=. i! i' - ;il 1'= ', i-=-I 
Section X-X 
Sol enoid 
Windings 
(b) 
(a) 
SPEC. I 
Trigger · 
Trigger 
Fig 8.4 SPECIAL PURPOSE SOLENOID 
TRIGGERS 
148 
in the research rig , with looper maximum height preset at 7.6 mm (0.3") 
and threading the needles alternately with two different coloured yarns a 
colour patterned fabric was simulated. The technique was identical to that 
of traditional tufting i.e. by bringing the required colour to the fore-
ground in one seam of the fabric and allowing the other colour to sink to 
the background in adjacent seams and be hidden. Time did not permi t a 
specification 11 mechanism to be actually manufactured but by adapting 
the specification I mechanism and running at extremely low speed it was 
possible to test this colour patterning technique on the research rig. 
The fabric produced by this method is illustrated in Fig. 8.5 and appears 
to be very encouraging at this stage. The yarn used was a 6's cotton count 
'Courtelle' but a false-twisted and set bulked polyester filament type of 
yarn may well produce even better results; the increased face coverage 
resulting from such yarns would conceal the background yarns to a greater 
extent. Further work in this area, which is probably more appropriate to 
the Textile TecP~ologist rather than to the Mechanical EP~ineer, would be 
necessary before making any judgements regarding the commercial acceptab-
ility of such fabrics. 
8.3. Applications to other Pile Fabric Processes 
The system developed for sculpturing the locked-loop fabric may be 
defined as a 'high-speed multi-end jacquard process'. Therefore the prin-
ciple of the system may have possible applications on the other high-speed 
multi-end processes that have not, as yet, incorporated jacquard patterning 
equipment. The response time of the actuation triggers was found to be 
20 ms (see sub-section 4.3.5) but with the automatic pulse advancing system 
postulated in sub-section 7.1.3 it would be possible to reduce this response 
time to 15 ms. If this represents, say, half the cycle time of a process 
then it would be possible to m~~e individual selections of elements on 
processes capable of speeds up to 2000 cycleS/minute. In fact, when the 
response of the solenoid triggers were tested,they were found to operate 
under simulated speeds of up to 2300 operations/minute. Apart from non-
jacquard needle insertion narrow-fabric loom? and the very simplest warp-
knitting machinery the author knows of no other multi-end fabric producing 
processes capable of such speeds. Therefore the developed selection system 
could be adapted for use on other textile machinery. Such adaptations 
would be dependent upon the interface between the mechanical elements for 
manipulating the yarns in a particular process , and the electronic firing 
devices. Therefore the possibilities are briefly discussed below for some 
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of the known multi-end pile fabric processes. 
8.3.1. Kraftamatic 
Fig. 8.6(a) is a diagrammatic illustration of a machine using the , 
Kraftamatic principle (see sub-section 2.1.3). The base fabric (1) is fed 
in the direction indicated by. the feed rollers (2). The needle banks (3) 
push the threads through the base fabric and on retraction. loops of thread 
are retained by the latch needles (4). The latch needles are mounted in-
dividually on rocking segments (5) pivoted at (6). They are steadied 
against the prime mover (1) by a spring (8). The pivot (6) is mounted on 
the needle· bar (9) which also carries a looper latch (10) and an operating 
solenoid (11). The latch catches the shoulder (12) on the rocking segment 
when the latter is displaced by the prime mover (1) for the production o~ 
longer loops. Fig. 8.6(b) illustrates the loop stitch formation and the 
variation of loop length possible by the latch needle displacement. The 
individually mounted upper loopers (13) are arranged to pivot at (14) on 
the looper bar (15) under the control of the prime mover (16) and spring 
(11) which biases the loopers to the lower position shown. Fig. 8.6(c) 
illustrates the alternative positions of the loopers, i.e. for short loop 
lengths the solenoid (18) does not engage the latch (19) and for long loop 
lengths the latch is engaged. Hence a double-sided sculptured Kraftamatic 
fabric could be produced. 
8.3.2. ~lalipol and Araloop 
The Malipol and Arnloop processes are ver.y similar and use almost 
the same stitching elements as illustrated in Fig •. 8.1. In Fig. 8.1(a) the 
compound needle (1) penetrates the fabric and interacts with the thread 
guides (2) to catch the thread and form a loop over the looper (3). The 
looper has a stepped profile at the free end to provide high and low pile 
height loops when the looperis in either the foniard or backward position. 
The looper is actuated by a prime mover (4) and includes a latch portion 
which is engaged by the latch (5) operated by a solenoid. Thus the looper 
can be held back by the latch (low l~ops) or can be allowed to move forward 
(high loops) in a preselected manner. Zero and pile loops could be achieved 
by arranging for the looper to be latched in the back position clear of ~he 
stitching zone. An alternative system is illust~ted in Fig. 8.1(b). Here 
the looper (6) is pivoted at (1) and biased to a low pile height position 
by the spring (8). The prime mover (9) acts to move the looper to a high 
pile height position where it may be held by the latch (10) or allowed to 
fall back to the low pile height position depending upon the actuation of 
the solenoid (11). 
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8.,.,. Tufting 
Fig. 8.8 is a diagrammatic illustrat~on of a possible adaptation 
of the conventional tufting process for producing high and low loops 
without the necessity for back-robbing (see sub-section 2.1.8). The needle 
(1) interacts with individually mounted looping elements (2) which are 
pivoted at (,) to a rocking segment (4) ,.,rhich is itself pivoted at (5). 
The prime mover (6) causes an up and down motion of the looper which is 
either held in the high pile height position by the latch (1) or allowed 
to fall to the low position, depending upon the actuation of the solenoid 
(8). The looper would pick up the yarn from the flank of the needle in the 
normal manner via the action of the second prime mover (9). 
8.,.4. '''arp Km tting 
Conventional warp-knitted pile fabrics are usually produced on a .. 
twin bed raschel machine where one needle bank has been replaced by a set 
of 'plush' points (see sub-section 2.1.6). The sculptured pattern possib-
ilities are limited by the number of thread guide bars used on the machine 
and the warp threading. Fig. 8.9 illustrates the possibility of using the 
standard needle motion of the rasche1 machine for causing the lever (1) to 
actuate individual plates (2) which carry the plush points. The latch (,) 
is operated by the solenoid (4) to engage or miss the catch (5). If it 
engages,the points (6) are prevented from entering the knitting zone and 
no pile would be produced. Alternatively, if the latch is not engaged, 
the points would be raised into the knitting zone by the action of the 
spring (7) and a pile loop "fould be formed when the thread guides wrap 
the yarn around the protruding plush points. Thus in continuous operation 
a warp-knitted pile fabric could be jacquard sculpture-patterned. 
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CHAPTER 9 
DESIGN APPRAISAL OF THE Cm1HERCIAL MACHINE 
The sculpturing mechanism described in chapter 4 was designed to 
be used in conjunction with, and without modification to, the existing . 
needles and needle orbits as used on the commercially produced Locstitch 
machine. Indeed, close examination of the cyclic interactions between the 
needles and loopers (Figs. 4.1 to 4.10) revealed that the loopers perform 
no function in the production of the basic locked-loop stitch. The basic 
stitch is pr~duced by the interactions of the needles (see section 1.1) 
and the loopers merely prevent a portion of the yarn from lying flat against 
the base fabric. . However, on the research rig which included the sculp-
turing mechanism, the reliability of the.process was initially inadequate 
and resulted in freq~ent yarn breakages and 'dropped'stitches; At first 
it was thought that the sculpturing mechanism was causing these problems 
but when it was removed so that basic,unpatterned, locked-loop fabric could 
be produced the same degree of unreliabili ty was exhibited. Such in-
efficiencies would normally lead to a detailed analysis of the stitch 
formation process in order to remove the malfunction. However, an inves-
tigation pf this nature did not come within the terms of reference for 
this research project. The dilemma of demonstrating to industr,r an other-
wise reliable patterning system on a research rig with inherent unreliab-
ility influenced the decision to make a brief app~sal of the basic locked-
loop process. Investigations led to the modification of certain stitching 
elements which resulted in a research rig vii th a greatly improved fabric 
production reliability; although this reliability was still somewhat 
imperfect, the investigations did reveal possibilities for further im-
provements. These improvements could not be undertaken because' time and 
financial resources did not permit. Nevertheless it was thought that such 
information might be useful for .future researches and should be reported 
in this chapter together with a general appraisal of the commercial machine 
and process. 
9.1. Needle 110tions 
9.1.1. Primary I1otion 
The primary motion of the needles was previously described and 
illustrated in sub-section 3.3.2 and Fig. 3.1 (a) respectively. The primary 
displacement curve corresponding to the needles moving into the base fabric 
is ~, parabolic function vihilst the displacement curve corresponding to the 
157 
needles' retractive motion is a cyc10idal function. The combined effect of 
these two motions produces a quick-return action for the needles, but al~o 
generate an infinite third derivative or pulse at the points of zero veloc-
ity. Therefore these curves do not offer the most favourable dynamic coh-
ditions for high-speed cam design. In sub-section 4.4.2 a procedure was 
described for vemoving third derivative pulses that would have been gener-
ated by the sculpturing mechanism cams; using such a procedure on the 
primary needle:Jcams might well improve the needle dynamics and hence the 
operational life of the conjugate cams. The suggested improvements to the 
velocity and acceleration curves are compared with the existing curves in 
Figs; 9.1 (b) and (c) respectively. It will also be noticed in Fig. 9.1 (a) 
.. 
that an increased displacement of the, needle retraction is suggested which 
would allow a further increase in the maximum pile height i.e. in excess of 
the 7.6 mm (0.3") already produced. In sub-section 4.5.3 it ''Ias argued that 
needle station 12 (Fig. 4.9) was the critical stage for needle/100per clear-
.ances and if station 12 were to be increased to 10.4 mm (0.410") as shown 
in Fig. 9.1 (a) then maximum pile heights of 10 mm (0.4") may be achieved. 
This would still leave 0.4 mm (0.010") clearance between' the needles and 
loopers whilst increasing the pile height specification quoted for the 
commercial machL~e (sub-section 3.3.1) by 100 per cent. 
9.1.2. Secondary Motion 
The suggested modifications in sub-section 9.1.1 for primary motion 
are sound but they would have little effect on the reliability of the stitch 
formation process, since proper and consistent formation of the locked-loop 
stitch is thought to be primarily dependent on the secondar,r displacement 
of the needles. Fig. 9.2 is a reproduction from Fig. 4.10 of certain needle 
stations which affect the correct formation of the locked-loop stitch. At 
station 11 it will be noticed that the needle point is above the yarn ex-
tending from the base fabric to the needle eye. At station 13 the yarn and 
needle point are coincident until, at station 14, the 100per shogginghas 
partially occurred with the yarn now above the needlepoint. These fun-
ctions are required so that the yarn is correctly positioned as shown at 
station 16 i.e. through the eye and over the top flank of the needle. 
However what has been observed to occur occasionally in practice is illus-
trated in Fig. 9.3. At station 14 the yarn is sometimes pierced by the 
needle point (Fig. 9.3 a) or, more f-requent1y, the yarn is caught under-
neath the needle flank (Fig. 9.3 b). In either case the yarn is incorrectly 
positioned at station 16 and when the needle pierces the base fabric, under 
these conditions, the complimentary needle often fails to pick up the yarn 
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to form the locking loop. The cause of this problem is obviously a result 
of the needle secondary displacement. There is no reason why the needle 
point should ever be taken above the yarn as occurs at the existing station 
11. Thus if the yarn is never below the needle point it can never be caught 
and held there. The criteria for achieving this would be to reduce the sec-
ondary displacement when the needles leave the base fabric, as shown in 
Fig. 9.4 (b) • 
From the shape of the e~sting secondary displacement curve (Fig. 
9.4 a) it is obvious that the cam design was based on the maximum stitching 
pitch positions because of the straight-line portion, which produces a con-
stant velocity equal to the base fabric speed. \Vhen stitching pitch adjus-
tment is made the secondary displacement becomes distorted in the part of 
the cycle where a straight-line is ideally required. This deviation has 
been measured to be 0.71 mm (0.028") and in practice this is compensated 
for by a combination of both vertical needle deflections and base fabric 
weft thread displacements. Any motions that cause deflections ought to be 
optimised in order to minimise such deflections. The sizes of the stitching 
pitches possible by adjusting the standard cam modules are 6, 8, 10, 12 and 
14 stitches per inch (see sub-section 3.3.1). Therefore it is suggested that 
the constant velocity secondary displacement should be based on the 10 stit-
ches per inch setting which would create a reduced distortion at 14 and 6 
stitches per inch of approximately 0.35 mm (0.014"). Tnis would produce 
the more desirable displacements illustrated in Fig. 9.4 (b). 
The combination of the suggested new primary and secondary needle 
point motions are illustrated in Fig. 9.5. From the trajectory of the yarn 
at stations 11 and 12 together with the increased pile heights possible it 
will be appreciated that there woUld be a marked improvement over the exis-
ting motion illustrated previously in Fig. 3.8. 
9.2. The Looper System 
In sub-section 4.1.4 the commercially used reed type looper was dis-
cussed. It was concluded that a short length tip with pile height adjust-
ment perpendicular to the base fabric should be used for the sculpturing 
mechanism. The advantages of such modifications also apply to the standard 
non-patterning looper i.e. the fewest loops retained on the looper at any 
one time creates the smallest transverse force on the looper during shogging. 
The shogging member, on which the looper reeds are mounted, is constrained 
by a slideway lined with a low friction material. This slideway poses 
certain alignment problems which could be alleviated by using the flexible 
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strut system developed for the sculpturing mechanism ~d described in 
sub-section 4.3.6. B.y such means the shogging member would be able to 
move essentially in the transverse direction only and be relatively frictinn 
free without the need for further constraints, lubrication or exacting 
alignment (see Appendix III section A). The displacement curve (Fig. 9.6 a) 
of the loopers should also be revie\oTed in this critical appraisal. It will 
be noticed in Fig. 9.6 (a) that, when the loopers are shogged in one par-
ticular direction, they move 0.46 mm (0.01811 ), dwell, and then move a fur-
ther 1.54 mm (0.06011 ) to complete the displacement required. This charac-
teristic was intended so as to delay the passage of the loopers in front of 
the retracting needle points until the last possible moment without 
collision occurring, in an attempt to ensure that the yarn trajectory lies 
above the needle flank, for the reasons detailed in sub-section 9.1.2 (see 
also Fig. 9.2 stations 13 and 14). Failure of the stitch formation has been 
attributed to the needle's secondary displacement rather than to the looper 
motion, but shogging could still be delayed to the last possible moment by 
using the di~placement curve shown in Fig. 9.6 (b); this removes the neces-
sity for a dwell portion thereby eliminating a double acceleration and re-
tardation funotion which causes wear of both oam and follower. 
9.3. Yarn Feed 
~ne meohanisms for yarn tension and feed oontrol on the oommeroial 
machine ueredisoussed in sub-seotion 6.1.1 and basioally function as a 
posi ti ve yarn feed system. However, it ''laS shmm experimentally (sub-
seotion 6.2.1) that if the locked-loop stitching prooess is allowed to oon-
sume only the amoUnt of yarn required per stitch under constant cyolio 
tension conditions then up to 0.7 mm variation in length of yarn oonsumed 
per stitoh resulted. Therefore it may be assumed that, with the preset 
quantity of yarn feeding into each stitoh on the oommeroiallyused system, 
there must be different cyolio variations in the yarn tension per stitch. 
Further experimentation would be required in order to determine whether 
such tension variations have any effeot on the efficienc~ of the prooess 
and whether the process would be better servioed w,i th a negative type y.arn 
feed system similar to that desoribed in sub-seotion 6.2~3. A more signif-
ioant factor influenoing the choioe of yarn feed systems ooours when a 
stitch is mispioked i.e. when a needle fails to piok up the yarn from the 
flank of its oomplimentary. needle. The frequenoy of this occurring is de-
pendent upon the effioienoy of the process which, in turnii~ dependent upon 
several factors such as the quality of yarn, production speed, environment, 
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type of base fabric used etc. In the locked-loop process the occasional 
missed stitch does not necessarily mean a reject fabric provided that the 
correct stitch formation is resumed immediately after the failure in a ' 
particular seam, so that the fault may not be noticeable. However, when 
stitches are missed the unformed locking-loop causes excess yarn in that 
particular stitching seam and if the yarn is fed positively into the sti~ 
ching zone then several needle cycles may be required to consUme this excess. 
This is satisfactory provided that the slack yarn around the needle eye under 
these conditions does not interfere with adjacent yarns; unfortunately such 
interference does occasionally occur in practice. The negative yarn feed 
system described in sub section 6.2.3. 'resets' the quantity of yarn to be 
fed each cycle and therefore immediately compensates for slack yarn gener-
ated by missed stitches. This may be a more desirable mechanism than that 
currently used on the commercial machine. 
9.4. The Basic Stitching system 
The investigations that were carried out in order to provide a 
reasonably reliable stitching process involved about siX months of research 
time but were not relevant to the 'Development of Patterning Systems' and 
therefore are not 'detailed in this thesis. However, the results of these 
investigations revealed certain phenomena that have apparently not been 
experienced with any other textile process. Theories have been postulated 
to explain' these phenomena but further work is necessary for verification. 
Therefore the investigations will be briefly mentioned in this section in 
the hope that further research will be stimulated. 
There are two fundamental requirements for the production of a 
locked-loop fabric. The first factor is that a row of needles, with offset 
pOintsl, simultaneously pierces a preconstructed matrix of threads (i.e. 
the woven base fabric). The second factor is that, at any point in time, 
at least one row of needles is always penetrating the base 'fabric. 
Research40 ha~been carried out on the conventional tufting process 
which involved a study of needle deflections when they pierce a precon-
structed woven base material; but, while the problem is acknowledged, no 
solution has yet been offered. Therefore needle deflections in the locked-
loop process must be expected and these will affect the needle closure (i.e. 
the relative needle positions when the yarn is being picked-up) especially 
when the deflections occur in the weftwise direction. These weftwise 
needle deflections were considered to be the major factor influencing the 
reliability of the locked-loop process and . there fore an understanding of 
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the causes of deflection propagation would provide useful information for 
future researches. 
9.4.1. Experimental Constraints 
In order to establish reasonable experimental conditions certain 
features of the process remained constant, as follows:-
(i) The needles used were those commercially employed on 
the Locstitch process and, although part of the ex-
perimentation involved modifying the needle point shape 
and shank length, the b~sic needle cross-sectional size 
and shape remained constant. 
(ii) The needles were mounted on the research rig which in-
corporated the standard drive cam modules and as the 
needle orbital motion remained constant so did the depth 
of needle pen~br.ation into the base fabric. 
(iii) The deflections of the needles and other components were 
measured in one plane only i.e. the weftwise direction. 
(iv) Unless specifically stated all experimentation was con-
ducted without pile yarns threaded through the needles. 
This was done in order to obtain maXimum clarity in the 
stitching zone. 
(v) The actual meijsuring instrument used ,.;as a travelling 
microscope equipped \'1i th a lens target having a mag-
nification dictated by the space available for mounting 
the instrument. Calibration tests revealed that the in-
strument's vernier scale and target positioning means . 
combined to give a reading accuracy of :!.: .025 mm (0.001") 
• 
(Vi) The weftwise deflections of' t}le needles relate to meas-
urements of their points at a particular stage in the 
needle cycle, this being at the full penetration position, 
i.e. B.D.C. (bottom dead centre). 
(vii) All measurements of' needle deflection were from a datum 
undeflected position. This was achieved by cutting a 
hole in the base fabric,large enough to ensure that no 
forces were imposed on the needle; the microscope target 
was then zeroed on the needle point at the B.D.C. position. 
(Viii) The base fabric used for piercing was a 10~fo Vincel 52 x 
40, 20/20's cotton count ''1oven structure and, although 
the piercing of a matrix structure is shown to be a con-
tributing factor to the needle deflections, its use was 
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maintained throughout the experimentation. Other base 
fabric structures were not readily available and, in any 
case, time did not permit a repeat of the measurements 
under new conditions. The justification for experimenting 
with only the one base fabric was that it was typical of 
fabrics required as a backing for towelling and similar 
Locstitch products and therefore such a fabric forms a 
criteria for the process reliability. 
9.4.2. Single Needle Deflections 
As the needle's offset point pierces the base fabric, a transverse 
force is applied which deflects the needle. ~nis force is caused by the 
needle's point of entry being at a different position to the principal 
cross-sectional axis of the needle shank. In order to quantify the de-
flections caused purely by this offset needle point, one such standard 
length needle was attached to the needle bar and its deflections measured 
when it repeatedly pierced the base fabric. Naturally it was expected that 
the amount of deflection would vary according to the exact point of entry 
of the needle in relation to the warp thread positions of the base fabriC, 
as illustrated in Fig. 9.7 (a). For this reason a sample size of 100 con-
secutive penetrations were measured in onaer to construct a probability 
curve for further comparisons. As only one needle was used the deflections 
due to the offset point were expected to occur in one direction only and 
this will be defined as the positive direction as shown in Fig. 9.7c(b). 
The deflection measurements were recorded in graphical form as in Fig. 
9.8.(a) and it may be seen that the variations in the amount of deflection 
were so great that a good statistical distribution was not produced with a 
sample size of 100, although the general n~edle movement tendency could be 
assessed. The length of the non-active needle shank was then reduced, all 
other experimental conditions remaining constant. The results are shown 
in Fig. 9.8.(b) and as expected the amount of deflection was reduced. This 
is because deflection is proportional to the cube of the length for a given 
force, and the improved needle stiffness produces an increase in base fabric 
warp thread distortion. Similar results were also obtained when the needle 
shank length .... las further reduced as illustrated in Fig. 9.8 (c). It is 
interesting to note from the three distribution curves that the increased 
stiffness of the needle not only reduces the average deflection value but 
also reduces the range of deviation. This suggests that the deflections 
of stiffer needles with offset points are less dependent upon the needle's 
point of entry be~feen,two ad~cent warp threads (i.e. as in Fig. 9.7 a) 
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than more flexible needles. From the three curves the average deflection 
values for needles (a), Cb) and (c) were determined as 0.26, 0.17 and 
0.09 mm respectively. A simple static deflection rig was then constructed 
in order to plot the bending characteristics of each length needle prev-
iously tested. A static load was applied at a distance from the needle 
point equal to that of the base fabric position when deflections were 
measured. Thus having calibrated the needle deflection/force characteris-
tics (see Fig. 9.9) it should be possible to determine the actual force 
that the base fabric applies to the needle. One would expect this force to 
be the same irrespective of the stiffness of the various needles since the 
geometr,y of the penetrating point remained unaltered. However, the resulting 
line through the average deflection values is not the expected vertical line 
at constant force (see,Fig. 9.9) but indicates that the transverse force 
exerted by the fabric decreases as a function of increased needle stiffness 
~.e. decreased needle length). ,The amount of experimental data is limited 
and therefore further research is required to determine whether this phen-
omena is a characteristic of an offset pointed needle piercing process or 
whether a fault existed in the experimental procedure. 
As stated above, needle deflections in the weftwise direction affect 
the needle closure conditions and it has been demonstrated that the use of 
short length needles reduces such deflections. Therefore a second experi-
ment was carried out on the short length (15 mm) single needle in an attempt 
to further reduce the deflections. Fig. 9.10 is a detail drawing of the 
standard needle dimensions which were measured optically with a travelling 
microscope because no ~Anufacturers drawing couid be obtained. It will be 
noticed that the point of the standard needle does not lie exactly along 
the flank, in fact,'there is a 0.2 mm difference. The offset point con-
tributes to the needle deflections and yet such an offset point is essential 
for the formation of the locked-loop stitch. Therefore the amount of offset 
was reduced to a minimum requirement,· i.e. so that needle point and flank 
are coincident. Fig. 9.11 illustrates the deflections recorded for 100 
penetrations of each of three needle point shapes and, ~s expected, the 
average deflections were reduced with smaller offset points. 
The experiments with the single needle show that using a 15 mm long 
needle with its point lying exactly on the flank reduces the average deflec-
tions from 0.26 mm to 0.05 mm. However, what is more important is the re-
duction in range of deviation from 0.25 mm to 0.08 mm which is a far more 
favourable range for assessing the needle closure tolerances required for 
the process. 
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9.4.3. Needle Bank Piercing 
Sub-section 9.4.2 gave some indication of the deflections of a 
single needle, but when several such needles were arranged at 1.98 mm 
(0.078") pitch to form a bank (see Fig. 3.9 d) and passed through the 
base fabric simultaneously different characteristics were observed. The 
increased area of base fabric distortion, caused by the needle bank, 
tightly packed the warp threads bet .. -een each needle pnd thereby tended to 
hold the ~ndividual needies in rigidly set positions. The constrained 
needles (60 in the particular bank tested) now offered resistance to the 
transverse forces which previously deflected the single needle. This re-
sistance resulted in a complete weftwise displacement of the base fabric 
Fig. 9.12 illustrates the complete weftwise displacement of the base fabric" 
at two discrete static positions, i.e. with the needle fully pene~rated 
and with it fully withdrawn from the base fabric. The. measurements were 
made by fixing the microscope target on a particular Warp thread and mon-
itoring its movements in the stitching zone. It will be noted from Fig. 
9.12 that the warp threads. in the base fabric made a serpentine path 
through the stitching zone, the effects of which were more significant when 
both needle banks, each side of the base fabric were considered (see sub-
section 9.4.4). From Fig. 9.12 the amount of weftwise base fabric displace-
ment was found to be 0.4 mm when the bank of offset pointed needles was in-
serted. This value is actually half the width of the needle (see Fig. 9.10) 
and, because the needle point lies essentially along one fl~~, the theoret-
ical needle deflections should be zero under these conditions. To verify 
this, one particular needle within the bank was selected and its wef~vise 
deflections were measured in the same manner as previously described {sub-
section 9.4.3). However, instead of plotting the deflection di~tribution 
curves,the reffqlts were recorded as consecutive points on a linear scale as 
in Fig. 9.13. It may be observed from this graph that the deflections of 
the particular needle measured are far from zero and also several of the 
deflections were negative (unlike the solely positive deflections of the 
single needle). '{hen the pierced holes in the base fabric were inspected 
it was found that none of the needles separated the fibres within the warps, 
the needle points preferred to pierce the gaps between complete adjacent 
warp threads. The base fabric used contained 52 warps :per inch and the bank 
of 60 needles were pitched at 0.078 f1 (1.98 mm) therefore within the needle 
bank's total length of 4.602" (116.89 mm) there were 239 warp threads. The 
number of complete warp threads between any two adjacent needles was then 
determined and found to be 4 warps between 56 needle pairs and 5 warps be-
tween 3 needle pairs. However, because of the serpentine motion of the 
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Fig 9.13 CONSECUTIVE DEFLECTIONS OF A NEEDLE 
base fabric (Fig. 9.12) the 5 warps were not always between the same 3 
pairs of needles. This would seem to explain the steps in the results 
recorded in Fig. 9.13 at, for instance, points A, B and e, with the severe 
deflections occurring at a stage when the needle pierces an alternative 
warp gap and is then forced through an extra 0.4 mm displacement due to .the 
total base fabric movement. Because only one barut was used for this exper-
iment both the needles and base fabric reset to their relative equilibrium 
positions each time the needles were withdrawn such that one set of deflec-
tion conditions did not affect subsequent deflections. 
9.4.4. Twin Needle Bank Piercing 
Two needle banks were mounted on the research rig, one each side of 
the base fabric, and their relative motions were in accordance with the 
proper formation of the locked-loop stitch. Under these conditions there 
, 
is always one set of needles piercing the base fabric at any one stage in 
the cycle. In normal operation the needle interactions require the offset 
point of one needle to pass by the flank of its complimentar,y needle in 
close proximity to obtain satisfactory needle closure. However if the 
complimentar,y needle has been appreciably deflected it is held in such a 
deflected condition by the compacted warp threads in the base fabric. The 
point of the interacting needle then mispicks the stitch when the needle 
closure is increased or, for needle deflections in the other direction 
(+ ve), the interacting needle collides with the top edge of the complimen-
tary needle and is severely deflected to the extent that it passes the wrong 
flank of the comp1imentar,y needle. This latter condition has been defined 
as the 'crossed-needle effect' and, unlike a mispicked stitch, the effect 
is not se1f-correcting. In the next half cycle the new incoming needle is 
presented wit~ a severely deflected needle which is held by the base fabric 
, 
so that the incoming needle also severely deflects and passes the wrong 
flank. This continues until the process is stopped and the offending pair 
of crossed-needles are manually manipulated into their proper relative 
positions. The necessity for stopping the process in order to correct a 
crossed-needle effect was not acceptable even for a research rig and solving 
this problem became a priority. 
In sub-section 9.4.3 one needle bank displaced the base fabric 0.4 
mm, i.e. half the needle width, and the satne result. ,.,as measured when both 
needle banks were used. The reason for this may be explained with the aid 
of Fig. 9.14 where 'A' and 'B' are points on the base fabric not on the 
needles. When needle Nl has pierced the base fabric the point 'A' dis-
places 0.4 mm from its datum X-X position (Fig. 9.14 a). As needle N2 
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approaches the base fabric its point pierces at position 'B' ~dUch is 
0.4 mm from *A' (Fig. 9.14 b). As needle NI withdraws from the base fabric 
and needle N2 fully penetrates (Fig. 9.14 c) point tBt moves 0.4 mm in the 
opposite direction. Thus points 'A' and 'B' on the base fabric still only 
move 0.4 mm as was the case for a single needle bank. The feature that 
must also be recognised fnom this is that the point of entry of needle N2 
into the base fabric is affected by the position of needle NI and visa 
versa. Therefore it was necessary to study the points of needle entry with 
respect to the warp thread distortion caused by the other needle being 
present in the fabric. It was found by examining the seams of holes pro-
duced in the base fabric by both sets of needles that there was one warp 
thread spacing between the holes. Although this particular warp thread 
zig-zagged around each hole position, there was never a case fo~d where 
two warp threads or no warp threads spaced the holes. This ,.,as highlighted 
by threading the needles with pile yarns ad~cent to the seam being consid-
ered and photographing the holes produced with a microscope attachment; the 
result is illustrated in Fig. 9.15. This phenomena, together with the fact 
that there is always a needle piercing the base fabric at any stage in the 
cycle and considering that across the sewing width some needles were spaced 
by 4 warps and,some by 5 warps, indicates that the process may be critically 
dependent upon the alignment of the base fabnic feeding into the stitching 
zone. To test this aspect the base fabric was deliberately fed into the 
stitching zone at an angle of 20 relative to the theoretical warp direction 
an4 after several successive stitches approximately 5~/o of the needles of 
• 
one bank on one side of the fabric attempted to pass the wrong flanks of 
their complimentary needles (i.e. the crossed-needle effect). This test 
was repeated with the 20 base fabric angle biassed in the other direction 
relative to the warps ~~d the same result was obtained but the failure oc-
curred in the other needle bank from that previously observed. However, 
even under normal base fabric alignment conditions, such that the path of 
a particular warp thread makes a serpentine motion rather than a continuous 
diagonal motion, the accumulation of effects may result in crossed-needle 
failures. This would mainly occur on seams that are spaced by 5 warp threads 
rather than by 4 warp threads because the latter condition would not exert 
such a high needle deflection force as the former condition. To observe the 
seams in which the needle deflections accumulate to the point of stitch 
failure the needles were threaded with pile yarns so that the seam spacings 
were more visually discernable. The research rig was then run until the 
crossed-needle effect resulted in a particular seam, this was manually 
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corrected and the process restarted. Fig. 9.16 is a photograph of a typ-
ical result and it may be observed that the seam spacing 'A' before the 
failure is differ ent from t he spacing 'B' after corr ec t ion. It is not 
sufficient to say that the crossed-needle effect occurs because the needles 
cannot 'ji.lmp' a warp t hread in the base fabric resulting in an accumulation 
of needle deflections. vfuat must be discovered is the precise mech~~ism 
controlling the point of entry of a needle and why t his point is always at 
one warp thread spacing from the complimentary needle. One possible t heory 
is the relationship of the needle closure condition jus t prior to the stage 
where the needles pierce the base fabric. If the needles make contact with 
each other at this stage the in-going needles may be pre-deflected to a 
given point in the base fabric's matrix structure. An intensive research 
programme would be required just to establish t he facts relating to this 
particular phenomena alone and such research was considered too diversified 
to be covered in this thesis. 
9.4.5. Yarn Puckering 
In section 1.1. the basic locked-loop process was described and with 
reference to Fig. 1.0 (F) it was stated that 'the yarn on needle N2 slightly 
puckers to allow needle 1~ to pick up the stitch'. However, it was observed 
on the research rig that when the row of sewing needles pierce the base 
fabric the latt er locally bulges due to t he frictional drag along t he fla~ks 
of the needles. Thus '''hen the needles initially start to retract from the 
base fabric there is no relative movement between t he base .fabr ic and the 
needle shank (the bulge is allowed to decrease instead) and so no yarn 
puckering occurs. This problem was alleviated, to some extent, on the re-
search rig by creating a very high bas e fabric tension to minimise t he 
initial size of the bulge. However, the side effects of this increased ten-
sion \-rere, firstly , approximately 2 per cent' fabric extension occurred dur ing 
the process and secondly, the transverse movement of the .fabric met with 
greater resistance. Therefore a compromise existed between suf ficient base 
fabric tension to cause t he yarn to pucker but not enough to affect the 
needle closure condition. 
9.4.6. General Solution 
The experimentations described in section 9.4 relating to the relia-
bility of the basic locked-loop Irocess were only incidental to the main ob-
jectives of the resear ch ~~d were probably insufficient for adequate con-
clusions or recommendations to be offered. However, the results did indicate 
two areas where modifications could be made to improve the reliability of 
the research rig. Firstly, the needles vlere shortened as much as possible 
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to increase their stiffness and reduce the deflections resulting from the 
transverse forces applied by t he base fabric; and secondly the needle points 
were sharpened to such an extent tha t a slight chisel-point was formed. 
This was done in an attempt to cut t hrough some of the weft threads and so 
relieve some of the binding forces on the warp threads in order to reduce 
. the constraining forces imposed on the needles. These modifications to 
the needle design totally removed the crossed-needle effect and although a 
few stitches were still mispicked the research rig could be run continuously 
with reasonable reliability for the main objective of sculpture patterning 
to be realised. 
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C H APT E R 10 
CONCLUSION 
10.1. The Degree of Success Achieved 
The apparatus developed during the course of this research project 
demonstrated that sculpture-patterned locked-loop pile fabrics could be 
produced at the same high production rate as the plain locked~loop fabric. 
Appendix Iv. contains photographs of a small selection of patterned fabrics 
that have been produced on the research rig. H01-leVer, this does not mean 
that the terms of reference have been satisfied. The research \-,as biassed 
towards the practical aspects of developing a patterning system that would 
be commercially acceptable to the textile industry and economically viable 
for machine m&~ufacturers and fabric producers alike. Therefore the degree 
of success achieved by this work is dependent upon whether the system is 
adopted commercially. Tne Science Research Council were the sponsors of 
this research7 and consequently the research supervisor and his collabor-
ator (Prof. G.R. Wray and R. Vitols) were obliged to consult the National 
Research and Development Corporation regarding commercial exploitation. 
Consultation with N.R.D.C. resulted in patent cover for three aspects of 
the research; the flexible support means for the shogging looper members37; 
the sculpture patterning mechanism and its variations38; and the yarn feed 
device39 • These inventions have been assigned to N.R.D.C. and extracts 
relating to some of the more important statements within the patents may 
be found in Appendix Ill. The Pickering Locstitch Company (manufacturers 
of the basic locked-loop pile fabric machine) are curr~ntly studying the 
commercial feasibility of the sculpturing system,and should they or other 
companies decide to exploit the inventions via licencing agreements with 
N.R.D.C., then this research work maybe regarded as successful. 
10.2. S]l.cmestions for Further '.fork 
The locked-loop pile fabric production system is still in its 
infancy when compared with weaving, warp-knitting, weft-knitting, tufting, 
and other commercially accepted processes. It is suggested that there is 
still an appreciable amount of basic research needed before this fabric, 
and method of producing it, can establish a realistic share of the pile-
fabric market. Certain aspects of new research requirements have been 
high-lighted preyiously (section 8.1 and chapter 9) but, because this pro~ 
ject was based upon patterning techniques, the suggestions for further 
,,,ork will be confined accordingly. 
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10.2.1. Fabric Production Rate 
The production rate of the sculpture patterned pile fabrics vas 
dicta ted, to some extent, by the production rate quoted for the commercial 
machine (sub-section 3. 3.1) i.e. 750 double stitches per minute. Having 
achieved this, why not increase the speed? It has been demonstrated t hat 
the pattern selection sys t em has the capability for this (section 8.3). 
\.Jhen the research rig speed was i nc r eased (850 double stitches per minute) 
the lack of cam module balancing was apparent and the amount of 'dropped' 
stitches and yarn breakages increased disproportionately. However, even 
with a superior dynamic balancing system, the speed limitation factors 
remain unknown. An eyed needle used on an industrial sewing machine is 
capable of taking tr~ead through a base fabric 3000 times per minute. 
Therefore, is the locked-loop production speed limited by : (i) the quality 
and strength of the inserted pile yarns? (ii) the forces exerted when a 
row of needles and yarns pierce a base fabric at high speed? or (iii) the 
pulse tensions in the yarn, created by the yarn feed device, being ,"s1.lscep-
tible to a phase lag between their point of origin and the stitching zone? 
Further research into these areas could well remove suc~ speculation and 
provide a faster and/or more efficient sculpture-patterning lo dked-loop 
process. 
10.2.2. Needle Drive Nechanism 
Suggestions were made in section 9,1 regarding possible modifications 
to the needle orbital motions that would ultimately improve the specification 
of the sculpture patterned fabrics. It would be useful to examine the re-
quirements of a linkage mechanism for producing such needle orbits, espec-
ially in the context of the research \wrk by R. N. Parry12 and in view of the 
cost of producing precision conjugate cams. 
10.2.3. Colour Patterns 
Judging from the results of preliminary experiments described in 
sub-section 8.2.1 (with particular reference to Fig. 8.5), it would be a 
valuable exercise to manufacture a specification 11 sculpturing mechanism. 
~nen the potential of colour patterned locked-loop pile fabrics could be 
realised. With 10 mm (0.4/1) pile heights and specially selected yarns the 
author is confident that the textile tecr~ologist could provide a commer-
cially acceptable product. 
10.2.4. other Processes 
T'ne ' ap:gliea.,titDl1 ,of the element selection system on other textile 
processes are only given as poss ibilities in section 8.3. Feasibility 
studies of such ada:ptations are essential bef ore any further vTOrk in that 
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area could be considered. However, as a first stage of such studies, high 
speed processes vrith a limited number of warp ends e.g. narro\-{ fabric looms, 
could be examined. 
10.3. A Product for the Textile Industry 
This research has resulted in the development of a technique for 
individually manipulating and selecting the movements of small elements 
on a multi-end textile process. To date, high-speed jacquard multi-end 
selection systems have never been attempted cormnerciaJ.ly. The reason could 
be either that the cost of such sophisticated textile machinery is cormner-
cially prohibitive or that the demand for jacquard-patterned fabrics is 
diminishing. In the case of machinery capital-costs it must be conceded 
that an electro-mechanical selection device on each warp line will he 
rela tively eA~ensive to manufacture. On the other hand, if the demand for 
jacquard-patterned fabrics is diminishing because they cannot be produced 
fast enough to c.ompete .. ri th, say, printed patterns then this research may 
provide the basis for reversi:ng this preference. RO\ofeVer, the textile 
industry is largely motivated by fashion,CL~d fashions change, so even if 
the technique developed in this research is of no immediate use to the 
industry it could \.,ell meet the requirements for future der.Jands. 
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APPENDIX I 
11ATREf·i.A~lICAL SOLUTION OF CAH!LINKAGE SYSTEH 
Tne mathematical solution of the mechanism described in chapter 4 
is not compl ex, but it i s included in this thesis in order that any modi-
fications to the looper orbit t hat may be thought desir able for future 
research can be conveniently ~1dertaken. The cams designed for the scul-
pv~ing mech~~ism drive the looper element via a li~~age system. Tnis 
linkage sys tem was mathematically solved so that the path of the looper 
element could be predicted for given cam displacement curVes. Conven-
tionally the path or orbit of the element would provide the criteria for 
the cam design but in this case the displacement curve of the cam was used 
as data for the reasons stated in sub-section 4.4.2. Thus by altering the 
cam displacement curves lUitil ~~ optimum element path was obtained)more 
favourable dynamic characteristics were produced at the motion source. 
The link lengths ~1d centre distances that make up the mechar~sm also 
formed data for the calculations because they were determined merely by the 
physical constraints of the research rig construction (see section 4.2). 
For machine shop purposes all dimensions are in inches. 
Link N 
Base fabric 
line 
x 
R, 
j 
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Fig lA 
GENERAL LINE 
DIAGRAM OF LINKAGE 
a 
kdatum 
k 
b 
e,= 5150 
kdatum= 3 ·5125 
'datum = 1 ·056 
g = 1·125 
a = 7 ·6569 
b =9·210 
c =4 ·7745 
d = 4 ·857 
Cmax = 6 ·3254 
J = 10·6162 
<P = 0·165 rad. 
Fig I B 
Detailed dimensions of 
nodding bar primary 
com drive 
Tne starting point is determined when the centre of the nodding bar 
is at the kdatum, 'datum position, i.e. when the [ooper is at a minimum 
distance from the base fabric 
then 8p = 2 . Sin-t[!3E. ) 2.e, 
= a - d - J. Sin (<p - 8p ) 
k = b + c - J. Cos (q, - 8p J 
... \ 
I' !I:IU: __ 9datum 
p 
m dia 
~datum = 1·309 rad. 
p = 1·4375 
n = 2·84375 
m = 0 ·375 
n 1-4- -- - ---
k 
Fig IC 
, 
-i 
I 
-I 
Detailed dimensions 
of nodding bar action on 
the rocking segment 
CJ,datum = j( P - Ida tum )2 + (kdatum - n)2 constant 
Odatum = Sin- l( P -ldatum) _ Sin- l( m ) 
9datum 2'9datum 
constant 
q, ,= If P - 1)2 + (k _ n}2 
0= Sin l (Pq-l) - Sinl(2.~) 
~ = ~datum + Odatum - 0 
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v 
x 
b+c 
T =11-50 
x = 3·50 
V = 7·00 
R = 2 ·50 
S "7.50 
e2 =5·750 
Fig ID 
Detailed dimensions 
of secondary cam drive 
The starting pOint is determined by link R being horizontal when the 
cam radius is at its maximum position . 
. constant 
'''2 = Tt sl'n- l ( V - a + d) 
'I' - U . constant 
y = / R2+ u2_ 2.U.R.Cos 4J2 constant 
(2 2 2) -1 (?+ U2_ R2) ~datum -1 y + T - S .. constant = Cos 2 T + Cos . . 
.y. 2.y.U 
8s = 2.Sin( hs ) 2.e2 
~ = ~dQtum - 8 5 
Referring to Fig fA, because links R and R, are of equal length) 
the values obtained for x2 and Y2 apply to any pOInt on link N 
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t 
G 
~ A+X2 t-- ---
n 
z = I y22 + x; 
Q = Iz2+( n - AP -2,z'( n -A).COS(g - 8 1) 
Y4 = p + Y2 - B.Sin '-PI 
x4 = A + x2 - B.Cos '-PI 
Ys = P - H.Sin ~ 
Xs = n - H.Cos ~ 
lP3 = Tan0YS- Y4) Xs - x4 / 
4'4 = TanG£.. ) E-D 
G = IrE + 0)2 + F2 . 
X3 = Xs - G.Cos ('-P3 + '-P4J 
Y3 = G.Sin (lP3 + '-P4) - Ys 
H = 0·500 
F = 0·311 
E = 0·635 
D = 2·1875 
B = 1·0937 
A = 0·750 
Fig lE 
Detailed dimensions 
01 the basic looper 
4-bar linkage 
(See also Fig 4.14 a) 
constant 
constant 
X3 and Y3 are thus the coordinates of the looper tip with respect 
to the datum point of penetration of the needles . 
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A P PEN D I X 11 
EL8CTRONIC ClnCUITS FOR PATTERN ~~RIEVAL 
List of Circuits 
lA Pattern Reading and Synchronizing Pulse Circuits. 
lIB Solenoid Drive Circuits. 
IIC Pm-rer Supply. 
lID Pulse Sharpener and Hono-Stable Circuit. 
lIE Auto-stitch Programmer Circuit. 
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A P PEN D I X III 
EXTRACTS FROn PATENT SPECIFICATIONS 
Section 10.1 stated that N.R.D.C. have taken patent protection of 
certain features that have arisen from this research. Extracts from the 
specifications are given below to indicate their contents:-
A. "Improvements in a...'1.d Relating to Textile Apparatusu37 
This invention relates to the support for the shogging bar which 
carries the loop forming elements, as described in sub-section 4.3.6. and 
removes the slideway alignment ~~d friction problems described in section 
9.2. There are 11 claims covering this invention:-
1. HOl.lnting means for a. body \Ihich in o:peration is required to be 
caps,ble of substa.ntii?~ny linea r movement back and forth to take up sel-
ected predetermined positions in turn, comprising at least 'hIO spaced 
apart, resilient mounting men:bers to ~lhich the said body is fixed, the 
saJ.d mounting members being fixed to a base, and the mounting members 
being such as in combi nation to a1lo\1 the said boUy freedom' only for a. 
substs.ntiD_lly linear movement relative to the base. 
2. Hountine I~0ans according to Claim 1 in .Thich the resilient ri:0lill-
tine Ii1embers comprise 'b/o or more elcngated members positioned parallel 
to 92.ch other and at right a.'1gles to the intended direction of the said 
6ub::;ta.'1tially linear motion of the body. 
). Nount i ng means according to Claim 1 in which each r esilient 
mounting member comprises a sheet of thin flat r esilient ma,terial con-
sti i;uting a strut bet-"leen the body to be moved back and forth and the 
base, t he shee ts be inG arranged \:hen at rest in an undeflected position 
to be parallel to each other ~~d to be perpendicular to the said intended 
direction of movement of the body. 
4. }lounting means according to Claim 3 in which each sheet is rec-
tangular and is secured to the body along one edge region of the sheet and 
is secured to the said base along that othe r edg~ region of the sheet 
which is parallel to the first nenti oned edge region. 
7. l-1ounting means a ccording to a.l1Y preceding claim in v!hich ' the reT"" 
silient mounting members are arranged to eXEn't a re s toring force on the 
body towards a null position intermediate the extreme positions between 
which the body moves in operation. ' 
8. Positionillg apparatus comprising a body to be positioned, mounting 
memlS for the body a ccording to any precedir.g Clainl, and proeramming means 
for effecting movement of the body between selected predetermined pos itions 
and for effecting dVlell of the body in a 5elected predetermined position. 
9. Positioning apparatus according to Cla im 8 in which the programming 
means comprises a cam track mOC4~ted for rotation about an axis parallel to 
the genc~~l direction of said substantially J.inear movement of the body, 
and a .coupling eler:lsnt coupling the body to a cam follo\1er associated 
~ith the cam track, the ca~ track being adapted to induce in the cam 
follo\<1er, upon rotation of t he cam track, the said substantially linear 
movement. 
10. Positioning apparatus according to Claim 8 or 9, in vIhich the said 
body comprises a bank of thread guides, loopers , sinkers, or needles for 
use in textile machinery. 
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13. "Improvements in or Relating to Apparatus for 
Producing Pile Fabrics and the Like lt38 
This invention relates to the mechanism for producing high-speed 
sculpture-patterned pile fabrics. It therefore includes the descriptions 
and functions covered in chapters 4, 5, 7 and 8 of this thesis. The 
patent specification has 27 claims:-
1. A ~ti~:'0h:i. !l£; or h'.it ·~ ; .ng appal.~atus for providillK \;arpilis8 lines of 
pile or plu!,h loops extfmdir,g fl'Oru a.t least one face of a bRsa fabric and 
comprising ceans for re[;"ulatinz the loop lengths , wherein means is provida;l 
in conjunct.ion rTith thr-.! 100p forming elements for at least selec:ted lines 
of loops, to enable different loop heiGhts to be set in eo-ch pa.:cticular 
line during opn-ation of the ap:9aratus, Hhereby a sculptured eff&ct may be 
obts.ined on at l8ast the one face during continuous production of the fabric . 
2. A stitching or knitt:i.ng apparatus as clail!lE'd in Claim 1, ... herein 
loop height selecting mechanism i s provided for each of said selected lines 
of loops. 
3. A stitching or knitting apparatuG as claimed in Claim 2, comprisi~~ 
control means for actuating said selecting mechanisms during op-3ratlon of 
the apparatus. . 
4. A stitching or knitting appar2,tu8 as clo.imed in Claim 3, '-Iherein 
said control I,~ea.ns compri.ses electroTI'.a.gnetic means. 
5. A ati tching or knitting apparatus as claimGd in Claim 4, '-Therein 
said electro~~gnetic means is adapted for operation through autoQatic pat~ 
terning mea...ns. 
7. A stitching or knitt i ng apparatus as claimed in a...ny preceding claim, 
wherein said reguJ.ating means comprises trigger I:'.eans arranged to prevent 
or restrict movement of the loop fOrming elements to determine loop height . 
8. A sii tching or knitting apparatus as claimed ir:. Claim 7, "iherein 
operating Ilieans fOI' said trige;er means is arranged to be actuated by pulse 
signal means . 
11. A stitching or knitting apparatus as clait,<;d in Claim 9 or 10,. 
10lherein said pulse signal means is derived from a pattern storage and re-
trieval system. 
12. A stitching or knitting apparatus a3 cldmed in Claim 11, Y!he~in 
said patt~In storage ~ld retrieval system is a pre-prepared digital computer 
or magnetic tape. 
13. A stitching or blitting apparatus as claimed in Claim 11, wherein 
said pattern storage and retrieval system comprises a gTaphical sc~~ 
circuit. 
14. A stitching or knitting appa.ratus as claimed in any precedin~ claim 
10lherein provision is made for loops to be formed of zero height whel~·the 
sculp~'ing effect is produced from a loop/no loop configttration. 
15. A stitching or knitting apparai;us a.s clairued in e.ny one of Claims 1 
to 13 J wherein ar-:-anger2ents are mai'.-c for looping elements to be sat to provide 
for loop forw.ation of three different heights. 
11. A stitching of knitting apparatus as clcirr.ed in any preceding claim 
wherein the apparatus is of Dlodale form adapted to be assembled with other 
modules ~~d lor other apparatus to provide for production of fabric of any 
desired width. 
21. Stitching or knl tUne apP2.ratuE; as clairr.ed in Claim I and substan-
tially as hereinbefore describ~d. 
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c. "Improvements in and Relating to Feed Apparatus for 
Yarn and like Filamentary Haterial s i,39 
This invention r elates to t he yarn feed system developed for use 
on the re search r ig and described in chapter 6. At present the patent 
specification is only in provisional form and therefor e the claims have 
not been finalised, but all the variants of the system described in sub-
section 6.2.3 have been included. The following are some of the more 
important stat ements made in the provisional specification:-
The present invention relates to 2n appar atus for feeding yarn and 
like filamentarJ materials. 
The i nvention is pertinent to textile machinery for warp knitting, 
weaving , tufting an~ stitch bonding processes c~d h~s particular rel~vance 
in r el ation to machines de~~ding ya-~ at an uneven rate, for example 
carpe t machines, sose knitting ID?-chines and loo~s. Generally spe~~ing 
houever it will usually only be sui table for creel f ed. machines as opposed 
to beam fed ones •••••• 
According to the present i nvention, a feed apparatus for a rr~chine 
to be fed ~ri th yarn or like filament ary materials co:n?rises a store for 
storir~ a .predetermined ~~1L~t of the material for use in a subsequent 
material-demandix\G operation by the machine , ~~d supply means adapted to 
replace in the st01~ any of t he material taken from t he store in said 
material-dewa~ding operation. 
Preferably the amount of ~zterial held in t he store is co~£ortably 
in excess of what is ever likely to be used in the subsequent reachine 
operation so that th:"!re is no dsmger of i nsufficient materi al beir.g 
available to the machine for any given operation ••••••• 
Although the Locsti tch machine h9.s no'~ beeJl deccri becl , reference 
may be r.l~ae to :'~ 8 pat~nt &n1 I>~tent 2.pplic~. t.i0!,,! quotfJd. a.bove fo:r. de ta ils 
of the bc.sic ~!2.chine fmd of ho" th:is can be adap·~2c:. for producing sculp-
tured. L0CSti tch fabrics. Basically, ::)..:)~'! su.ch Tl'<lchine so adapted. will 
require y arn to be fed to it in diffe:r.iIlB' arrount3 depending en y;hethr.: r 
t he next stitch is to form pe,rt of the 101-[ loop pile or tha hi[;":l l oop 
pile vhich toge t.hcr ,.;ill gi vc the fabric its sculptu.red appe;:l,rance •••••• 
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APPENDIX IT 
SU1mRY SCULPTURED FABRIC EXfuv~LES 
Several sculpture-patterned locked-loop fabrics have been 
illustrated with reference to the text of this thesis . The following 
illustrations are further s~idry examples of patterned fabrics produced 
on the research rig . 
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